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From The Washington Education Association 
Public Opinion Survey 


DIGEST OF RESPONSES 


(Where more than one answer was possible, totals may be more than 100%.) 


2. Which one of these professions and occupations would you say requires the most education or training? (‘‘Doctor” not 
included. ) 
Lawyer, 34%; teacher, 30%; engineer, 24%; clergyman 13%; public official, 8%. 
3. Which one of these professions and occupations do you think is the most important to the community? 
Teacher, 59%; clergyman, 32%; public official, 13%; engineer, 3%; lawyer, 2%. 


4. In which of these professions and occupations does a person do the most good for other people? 
Clergyman, 57%; teacher, 36%; public official, 8%; lawyer, 3%; engineer, 2%. 

5. In which profession or occupation is there a shortage of qualified people? 
Teacher, 84%; engineer, 10%; public official, 8%; clergyman, 3%; lawyer, 1%. 

6. Which profession or occupation pays the most? 
Lawyer, 58%; engineer, 35%; public official, 7%; clergyman, 1%; teacher, less than one-half of 1%. 


7. Which pays the least? 
Teacher, 76%; clergyman, 53%; public official, 12%; lawyer and engineer, each 1%. 


8. Which profession or occupation has the most prestige? 
Clergyman, 35%; public official, 26%; lawyer, 20%; teacher, 10%; engineer, 3%. 


9. Which has the least prestige? 
Teacher, 24%; engineer, 24%; public official, 19%; lawyer, 9%; clergyman, 7%. 


Which One of These Professions and Occupations Do You Think Is Most Important to the Community? 


Respond- Clergy- Public Don’t 
ents man Teacher official Engineer Lawyer know 

STATEWIDE 806 32% 59% 13% 3% 2% 3% 
AGE 

21-39 years 376 31% 62% 14% 1% 2% 2% 

40-59 years 286 33% 57% 12% 4% 1% 7% 

60 and over 144 35% 51% 15% 6% 3% 1% 

Men 431 30% 61% 13% 3% 1% 3% 

Women 375 35% 56% 14% 3% 2% 4% 
INCOME 

Low 286 34% 53% 14% 5% 2% 2% 

Middle 382 31% 60% 13% 2% 1% 4% 

High 138 33% 65% 14% 1% 3% 4% 
EDUCATION 

O- 8th grade 174 28% 55% 15% 6% 2% 4% 

9-12th grade 408 36% 58% 14% 2% 1% 2% 

College 223 30% 62% 10% 1% 2% 5% 
OCCUPATION 

Prof. and Managerial 224 31% 65% 13% 2% ° 3% 

White collar and Sales 96 33% 57% 7% 3% 2% 4% 

Manual and Service 382 33% 57% 14% 3% 2% 4% 

Retired, Students 84 32% 48% 19% 7% 5% 1% 
CHILDREN OF SCHOOL AGE 

Have 392 34% 60% 15% 1% 1% 3% 

Do not have 414 31% 57% 12% 4% 2% 3% 


*Less than one-half of 1 per cent. 


How the Washington Public Rates the Engineer 


HE REPORT OF A SURVEY made for the Washington Educa- 

cation Association in October, 1955, to determine the 
public’s attitude toward teachers and schools, was released 
in April, 1956. The results, to the W.E.A., must be gratify- 
ing. The majority of respondents agreed that teachers are 
very important, though underpaid and generally unappreci- 
ated, that there is a lack of qualified teachers, and that more 
money will have to be spent on the state’s public school 
program. The biggest issue facing the state today, according 
to the poll, is the school problem, with “highways” running 
a close second. 

But engineering educators and members of the profession 
will discover a very curious and startling by-product of this 
report, quite apart from the school problem. Questions 2 to 
9, which involved the rating of the teacher, clergyman, 
lawyer, public official, and engineer, with the results of the 
poll, are reproduced on the opposite page. A break-down 
of the respondents to one question is tabulated below. 

This poll does not, of course, present an accurate cross 
section of public opinion, because each question asks only for 
the first place and not a graded scale showing relative values. 
If we accept the findings with such reservations, however, we 
might conclude that, in the Washington public estimation, the 
engineer is required to have considerable education and 
training and is well paid. On the other hand, his profession 
is one of comparatively little importance and use, and he is 
at the bottom level in “prestige” among the occupations 
considered. Yet in the same opinions, the second most 
important issue facing the state of Washington and running 
practically neck-to-neck with the school problem is the 
matter of highways! 

Now on the same basis, what kind of people do appreciate 
the engineer? People of 60 years and over, with lower in- 
comes, and no secondary or college schooling rate the engi- 
neer higher than do the younger, well-educated and well paid. 
Also, among people who are employed, those who are 
engaged in manual labor or “service” think more highly of 
him than those of the professional and white-collar classes 
do. And finally, we might note the fact that the opinions of 
the age group 21 to 39 years, which are least flattering to 
the engineer, are repeated almost exactly in the report from 
those who have children of school age. 

Five engineers and/or educators were invited to comment 
on this report. Their replies follow. 


EDWARD C. WELLS, Vice President—Engineering 
Boeing Airplane Company 


“The results of this poll should be of great interest to 
every engineer. Even making a reasonable allowance for 
possible errors in such a poll, it is evident that in matters 
relating to prestige the engineer is rated poorly by the 
public. This apparent lack of prestige should be, and un- 
doubtedly is, a matter of concern for every engineer. 
Wishful thinking, however, will have little effect on public 
opinion. Nor is collective action likely to be successful in 
the absence of individual action. deserving of improved 
public opinion. To me, the results of such a poll say to 
each engineer, ‘Do you as an individual deserve this evalu- 
ation by your fellow citizens?’ and, “What have you done 
or what will you do either as an individual or as a group 
to assume at least your full share of responsibility within 
your community?’ 

“A real measure of prestige will be our lot only if we 
deserve it and only if we assume more than our propor- 
tionate share of responsibilities as individuals and citizens.” 


EDWIN R. GUTHRIE, Professor of Psychology and 
Dean Emeritus of the Graduate School 


“When people are asked what profession they think is 
most important to the community, their answers are apt 
to be influenced by two considerations which make the 
return somewhat misleading. Many people, when asked 
what is their most important, immediate need, might reply, 
‘a new car.’ This does not imply that they have reflected 
on the relative importance of a new car and a supply of 
fresh water, which latter they take for granted. The 
engineering basis of our material culture is similarly taken 
for granted. 

“The other consideration applying is that few members 
of the general public have occasion to have direct dealings 
with engineers or to employ engineers, whereas all of them 
are directly acquainted with many teachers and, most of 
them, with a number of clergymen. I suspect that the 
current television performers would be rated by the public 
as more important than the engineers who make television 
possible.” 


E. R. WiLcox, Professor and Executive Officer 
of the Department of General Engineering 


“The results of a limited W.E.A. public opinion survey 
in this state of the relative ratings of several professional 
groups should have more than casual interest for the 
professional engineer not only locally but nationally. In 
view of several recent articles which raise the question of 
whether engineers are really professional people, one might 
be led to conclude that if they are, they certainly haven’t 
done much to impress the general public with their value 
nor much more concerning their urgent short supply. 

“Also, a syndicated article last week by Geo. E. Sokolsky 
referring to a report on manpower resources for national 
defense would seem to support the idea that there is no 
serious shortage of ordinary engineers but only of really 
good ones. 

“The fact that only three per cent of those queried in 
the poll thought that engineering was the most important 
profession in the community and that only ten per cent 
thought that there was a shortage of qualified engineers 
would certainly indicate, within the reliability of the survey, 
that the engineering professional groups are sadly in need 
of some good public relation departments. Just perhaps, 
even without the prod of such surveys, the engineers ought 
to be astute enough to arrive at some such conclusion and 
aggressive enough to begin to do something about it.” 


PAUL H. STERN, engineering graduate student 


“The chances are that most people have had social con- 
tact with an engineer but their experience vis-a-vis an 
engineer on a professional level is negligible. Hence, when 
asked about the relationship of the engineer to the com- 
munity at large, the man in the street is very apt to asso- 
ciate the group with some individual of his own acquaint- 
ance who is engaged in work of an engineering nature but 
who may not be at all representative of the true profes- 
sional engineer. 

“Almost everybody knows doctors, lawyers and teachers 
on a professional basis and can readily associate the calling 

(Continued on page 32) 


of Washington was established in December, 1917, to coordinate investi- 
gations in progress and to facilitate the development of engineering and 
industrial research in the University. Its purpose is to aid in the industrial 
development of the state and nation by scientific research and by furnishing 
information for the solution of engineering problems. 
The scope of the work is three-fold: 

(1) to investigate and publish information concerning engineering prob- 
lems of a more or less general nature that would be helpful in 
municipal, rural, and industrial affairs ; 

(2) to undertake extended research and to publish reports on engineer- 
ing and scientific problems ; 

(3) to provide opportunities for graduate engineers to conduct research 
under conditions that will most effectively prepare them for pro- 
fessional service. 


For administrative purposes the work of the Station is organized into eight 

divisions : 

. Aeronautical Engineering 

. Chemical Engineering, Industrial Chemistry 
. Civil Engineering 

. Electrical Engineering 

. Forest Products 

Geology 

. Mechanical Engineering 

. Mining, Metallurgical, Ceramic Engineering 

The control of the station is vested in a Station Board consisting of the 
President of the University, the Dean of the College of Engineering as 
chairman, the Director of the Station, and members of the faculty, representa- 
tive of the administrative divisions. The Board determines the character of 
the investigations to be undertaken and supervises the work. 

The Station offers a substantial number of research fellowships to highly 
qualified graduate students who work under the direct supervision of the 
faculty of the various divisions. Results of major investigations are published 
in the form of bulletins and reports. Current research findings from the 
Station’s fellowship projects, as. well as accounts of its activities, appear in 
the quarterly journal, The Trend in Engineering at the University of Wash- 
ington. Reprints of articles by members of the engineering faculty and graduate 
students published in recognized technical journals are also issued by the 
Station. Requests for copies of the publications and inquiries for information 
on engineering and industrial problems should be addressed to the Director, 
Engineering Experiment Station, University of Washington, Seattle 5. 
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Chemical Englneering at the University of Washington 


R. W. Moulton 


Executive Officer 
Chemical Engineering Department 


Chemical engineering is 
one of the newer branches 
of engineering. Before the 
turn of the century very 
few schools in this country 
had an_ established  cur- 
riculum in this field. In 
1908 the American Insti- 
tute of Chemical Engineers 
was organized as a result 
of demands from the chem- 
ical industry. From that 
date on the profession has 
grown rapidly and now has 
an important place in today’s economy. 

The College of Engineering was first recognized 
as a major unit of the University in 1899. The first 
B.S. degree in chemical engineering was awarded 
in 1907. The first Ph.D. degree in chemical engi- 
neering was awarded in 1925. Chemical engineering 
has always enjoyed a close association with chem- 
istry at this institution. The first work in chemical 
engineering could be considered to be a mixture of 
the various branches of engineering with industrial 
chemistry. As the profession matured changes were 
made in the curriculum. The chemical engineering 
of today is very different from that of even twenty 
years ago. A chemical engineer now has the same 
background of chemistry courses as a chemistry 
major. He also must have some knowledge of the 
other areas of engineering, especially electrical, civil, 
and mechanical. The core and major part of his 
program is, however, chemical engineering. These 
courses deal specifically with material necessary to 
train the individual to meet the everyday problems 
of his professional life. 

A chemical engineer should be able to design, 
construct and operate plants utilizing chemical proc- 
esses. He must be familiar with fluid flow, heat trans- 
fer, and diffusion. He must understand the chem- 
istry of inorganic and organic chemical reactions. 
He should be adept at thermodynamics and reaction 


R. W. Moulton 


kinetics. In addition to these subjects, a place is 
made in our crowded curriculum for work in the 
humanities. It is firmly believed that a chemical 
engineer should contribute something to society and 
not be narrowly trained in science alone. An effort 
is continuously made to develop writing and speak- 
ing ability. 

In 1953 chemical engineering was made a separate 
department in the College of Engineering. Prior to 
that date there was a single joint department of 
chemistry and chemical engineering. The two de- 
partments are presently housed together in Bagley 
Hall, which was completed in 1937. 

The faculty of this department consists of two full 
professors, one associate professor and two assistant 
professors. In addition to these permanent personnel 
we have from six to eight graduate students employed 
as either part-time instructors or teaching assistants. 
The enrollment in the department consists of about 
one hundred and twenty undergraduates (excluding 
freshmen) with about thirty of these representing 
graduating seniors. There are about thirty graduate 
students about evenly divided between master of 
science and doctorate candidates. Enrollment trends 
are upward with every indication of rapid growth 
during the next decade. 


GRADUATE RESEARCH 


The departmental faculty is quite interested in 
graduate study and research. This is evidenced by 
their publications and their active research projects. 
The interests of the various faculty members are 
summarized here. 


Professor A. L. Babb 


The research program being conducted by Pro- 
fessor A. L. Babb includes fundamental studies in 
the fields of diffusion in liquids, corrosion of metals, 
and gas-liquid absorption with chemical reaction. A 
number of M.S. and Ph.D. theses have been pre- 
sented in these fields together with several articles 
which have been published in technical journals. 


“WE Lecenp (Clockwise from upper left): (1) Bernstein-Ballantine Balance used for filling proportional counting tubes 
with samples of radioactive carbon dioxide. (2) Apparatus for analysis of the radioactive carbon dioxide in a flow system, 
using a scintillation counter. (3) Apparatus for measuring the reaction rate of carbon dioxide in alkaline solutions, using 
a radioactive tracer technique. (4) Instrument panel in the Chemical Engineering Unit Operations Laboratory showing the 
flow diagram for a continuous distillation column. (5) Proportional counting equipment for measuring diffusion rates of 
water in alcohol-water systems. The water in these studies is tagged with tritium, and the alcohol with carbon-14. 


JULY, 1956 
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The liquid diffusion studies have been conducted 
using radioactive tracer techniques and optical tech- 
niques, some of which were developed in this 
laboratory. The results of this work to date, in 
addition to giving experimental data of both theoret- 
ical and practical interest, have led to the development 
of a model of the diffusion process for certain types 
of systems. From this model it is possible to predict 
diffusion rates for use in the design of mass transfer 
equipment. This work has been supported by the 
Office of Ordnance Research, U.S. Army. 

Corrosion studies have been conducted using iron, 
lead, and single crystals of zinc in aqueous solutions. 
The experimental results are currently being exam- 
ined in light of a theory of the corrosion process 
developed by applying the thermodynamics of irre- 
versible processes to the electrode processes occurring 
during the corrosion of single metal electrodes. 

The gas-liquid absorption investigations were the 
result of an apparent need for physical-chemical data 
for the design of equipment and processes to be used 
in the recovery of elemental sulfur from sodium 
sulfide solutions by carbonation with carbon dioxide. 
To date, equilibrium data have been obtained over 
a wide range of temperatures and pressures using a 
radioactive tracer technique developed in this lab- 
oratory. At present kinetic data are being obtained 
using radioactive tracers. This work is being sup- 
ported by the National Science Foundation. 

Plans are now being made for studies of the 
chemical separations processes used in the recovery 
of fissionable materials from spent nuclear fuels. 


Professor M. M. David 


Research work under the direction of Professor 
M. M. David is primarily concerned with the unit 
operations fields of ion exchange, heat transfer, and 
mass transfer. The ion-exchange studies are part of 
a program to develop adequate design methods and 
data for cation-exchange units, especially fixed-bed 
units. Fundamental work in this field now underway 
or recently completed includes equilibrium and 
kinetics studies with the systems Na-Cu-Dowex 50 
and Fe-H-Dowex 50, and fixed-bed studies with the 
system Na-H-Cu-Dowex 50. Applied work in ion 
exchange has included a compilation of existing 
design methods for fixed-bed cation exchange units 
and assembly of equipment and operating cost data 
for these types of units. 

Experimental studies presently underway in the 
fields of mass and heat transfer include steam strip- 
ping of CO, from carbonate solutions in wetted-wall 
towers and sieve-plate towers, determination of con- 
densation coefficients for steam inside sloping tubes, 
and measurement of heat-transfer coefficients for 
nonaqueous liquids flowing in annuli. Theoretical 
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studies are in progress on the prediction of perform- 
ance for a distillation column operating at other than 
design conditions. 


Professor L. N. Johanson 


The research interests of Professor Johanson are 
mainly in the field of applied reaction kinetics. If 
chemical reaction rate theory is compared with 
applied reaction kinetics as practiced by chemical 
engineers, marked differences are evident. It is 
mainly those problems unique to engineering appli- 
cation that are of interest in the graduate research 
in this department. 

These problems include studies of reaction rates 
and determination of the reaction mechanism or 
apparent mechanism, to allow prediction of reaction 
rates under modified process conditions. The. rela- 
tionship of such rates in solid catalyzed reactions, 
and the adsorption behavior of individual reactants 
upon the catalyst are the basis of current research. 
Problems in scale-up of reactors currently under 
investigation include the fluid dynamics and _ heat- 
transfer characteristics of fluidized and packed beds. 


Professor Joseph L. McCarthy 


In the Pacific Northwest, the wood-using indus- 
tries play a large role in the over-all economy. Thus 
it is not surprising that one phase of the graduate 
research program in the Department of Chemical 
Engineering is concerned with studies of chemical 
engineering operations and processes which are of 
importance in the wood-using industries. Research 
in this field is being carried out by Professor Joseph 
L. McCarthy and his students. Particularly the 
operations and processes of the pulp and paper in- 
dustry are of interest since the State of Washington 
is now the nation’s largest producer of pulp and 
paper. For example, the design of absorption towers 
has recently been studied and for use in such design 
calculations thermodynamic data concerning the 
vapor-liquid equilibrium in sulfur dioxide-water- 
ammonia and similar systems has recently been 
obtained using a radioactive tracer method. Other 
studies are carried out on the characteristics and 
processing’ of cellulose itself from both the theoretical 
and the industrial point of view. 

Extensive research is being conducted on the lignin 
sulfonates and sugars available in the spent liquors 
of sulfite pulp mills. This is a particularly challeng- 
ing problem since about 1,000,000,000 pounds of 
these lignin sulfonates and 250,000,000 pounds of 
sugars are available each year in Washington. Over 
the last twelve years the sulfite pulp producers of 
this state have granted to the University nearly 
$500,000 to support research directed toward devel- 
opment of methods for utilization of these materials. 
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For studies in this field, several graduate research 
fellowships are now available, including the follow- 
ing: Rayonier Inc., Hooker Electrochemical Co., and 
Cellulose and Lignin Research Fellowships. 


Professor R. W. Moulton 


Professor R. W. Moulton has been interested prin- 
cipally in the fields of electrochemistry of fused salts, 
spray drying, coal gasification and adsorption. Over 
the past ten years several doctoral theses and a con- 
siderable number of master’s theses have been 
presented as a result of these efforts. In addition 
these results have been published in technical mag- 
azines in the field of chemical engineering. 

The electrochemical studies have resulted in the 
production of metallic titanium and also titanium 
boride in high purity and with good yields. Each of 
these discoveries is of rather important significance 
to industry. Titanium is widely used today because 
of its strength and weight characteristics, especially 
at high temperature, while titanium boride may be of 
importance as an abrasive or for facing cutting tools. 

Our spray-drying efforts have resulted in a better 
understanding of both particle-size distribution and 
heat-transfer and mass-transfer rates in driers. We 
now have a pilot-plant spray drier which has proved 
to be a very useful research tool. Work is continu- 
ing in this area. 

Coal gasification studies have been underway in 
this department for about ten years. The utilization 
of low-grade Washington coal would mean much 
to the economy of the state. We now have a pilot 
plant which operates continuously at a feed rate of 
from five to ten pounds of coal per hour. The coal 
is gasified in a fluidized bed and the product gas 
can be used for either synthesis gas or for fuel gas. 
Work is continuing in this important area. 


FINANCIAL SUPPORT FOR GRADUATE STUDIES 


The department has a considerable amount of 
financial support for promising graduate students. 
Research and teaching assistantships are named 
each spring quarter for the following academic year. 
An outline of- our assistantships for the academic 
year 1955-56 is presented in Table I. 


TABLE I 
Number 
Students Source of Funds Amount 
4 Teaching Assistants $150/mo. 
2 Part-time Instructors Variable 
3-5 Engineering Experiment Station Research 
Assistants $150/mo. 
3-6 Office of Ordnance Research 
Research Assistants $150/mo. 
1 Rayonier Fellowship $150/mo. 
1 Standard Oil Fellowship $150/mo. 
1 Procter and Gamble Fellowship $150/mo. 
1 Paint Industry Fellowship $150/mo. 
1 Hooker Electrochemical Company 
Fellowshi $150/mo. 
1 AEC Radiological Fellowship $133/mo. 
1 Texas Company Fellowship $150/mo. 
1 U.S. Department of Interior 
Research Assistant $150/mo. 
1-3 Pulp Mills Research Assistants $150/mo. 
1 Technical Association Pulp and Paper 
Industry Research Assistant $150/mo. 


2 National Science Foundation Fellowships $150/mo. 


FINANCIAL SUPPORT FOR 
UNDERGRADUATES 


The Department has sufficient funds available to 
allow the awarding of from 15 to 20 undergraduate 
resident tuition scholarships each year. This money 
is given to the Department by chemical industry and 
by private gifts. These scholarships are open to 
entering freshmen and also to students in school. 
The awards are made by the faculty on the basis 
of the applicant’s scholastic record and financial need. 


FuTURE TRENDS 


It is difficult to accurately predict what trends 
will develop in the next five or ten years in the field 
of chemical engineering. Two significant factors are 
in evidence at this time. The first of these is the rapid 
increase in demand for chemical engineers by all 
industry. The second is the rapid growth of the 
nuclear engineering field and the demand there for 
engineers of all kinds with strong emphasis on 
chemical engineers. Men entering chemical engineer- 
ing in the future will have unlimited opportunity to 
utilize their talents and abilities in a fast-changing, 
ever-widening profession. They will contribute 
greatly to the standard of living of future generations. 


The United States in 1955 had 29 research and power prototype reactors compared to 16 for the rest of the world, 
according to J. Lane, Oak Ridge National Laboratory. By 1960 the United States should have 91 reactors compared with 
81 for the rest of the world. The “fool-proof” safety features of water-moderated reactors are being applied by Westinghouse 
as a control device in nuclear power plants to eliminate the need for expensive and bard-to-work control materials such as 
the hafnium metal now used to absorb neutrons.—W ALL St. Jour., June 7, via TECH. SURVEY. 


The first of two atomic piles at the British Calder Hall atomic power station was put into operation recently, and 
electricity on a large scale will be supplied for the first time in the world from a nuclear power station to a national 


electricity network in October... 
kw each—N. Y. Times, May 24, via TecH. Survey. 


JULY, 1956 


The new atomic power plants proposed by the Soviets will range from 400,000 to 600,000 
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Left to right: Dr. R. W. Moulton, Executive Officer of the Chemical Engineering Department, U. of W.; Dr. W. G. Whitman 


of M.LT., President of the AIChE; Dr. A. L. Babb, Assistant Professor of Chemical Engineering, U. of W. 


ARTICIPATING IN THE MEETING of the Pacific 

Division, American Association for the Advance- 
ment of Science, held on the campus June 11-15, was 
the Washington-Oregon Section of the American 
Institute of Chemical Engineers. The president of 
the AIChE, Dr. Walter G. Whitman, head of the 
Department of Chemical Engineering at M.I.T., 
gave the evening address Monday on “The Signifi- 
cance of the Geneva Atoms for Peace Conference.” 
As secretary general of the conference for the United 
Nations, Dr. Whitman organized it with the assist- 
ance of a team of 20 men from 14 nations. There 
were 1,400 delegates from 73 nations attending the 
Conference. 

In his address, Dr. Whitman pointed out: “The 
Atoms for Peace Conference in Geneva last year was 


8 


a brand new venture in international cooperation. At 
conference tables there developed some pretty hot 
arguments. But these arguments were not political. 
Rather, they were physicist versus chemist, and 
so on. 

“My deputy was a Russian, Viktor Vavilik, a 
physicist. He was capable and cooperative and was 
a splendid worker. 

“Atomic power,” Dr. Whitman asserted, “has 
revolutionized international diplomacy as well as 
military defense. I believe that technical people are 
going to be increasingly important in government 
councils where the diplomatic people have to make 
the decisions.” 


(Continued on page 25) 


THE TREND IN ENGINEERING 


| Chemical Engineers in Science Meetin 
| 
| 
\ 


ENGINEERING PROGRESS IN MACHINE TRANSLATION 


ROBERT E. WALL, JR. 
Acting Instructor in Electrical Engineering 


Research in the Electrical 
Engineering Department on 
the problem of the machine 
translation of language,* first 
reported by Dr. Thomas 
Stout in The Trend in 
Engineering,’ and later by 
Mr. Geoffrey Douthwaite in 
the Washington Engineer,’ 
has proceeded at a steady 
pace. The phenomenal prog- 
ress which has been made in 
computer components in the 
last few years, especially in 
memory devices, has brought machine translation 
closer to a possibility today than the contributors 
dreamed possible two or three years ago. The extreme 
scepticism of ten years ago has been steadily giving 
way to increasing optimism. 

The specifications of the problem have remained 
substantially as listed by Dr. Stout in 1954. The 
machine-translation (MT) researcher is still con- 
sidering seriously only the translation of scientific 
material, and the goal is still just understandability. 
The machine translator must be a special purpose 
machine, built specifically for MT and of no use for 
any other purpose. 

The reader is referred to the papers by Stout and 
Douthwaite, and to a recent paper by the author* for 
consideration of some of the problems which will not 
be discussed in detail in this paper. However, 
sufficient background will be presented here so that 
the reader with no previous acquaintance with the 
MT problem will be able to follow the discussion. 


A 
R. E. Wall, Jr. 


The Translation Process 

Four definite steps are required in the translation 
process: encoding, memory search, logical opera- 
tions, and decoding. Let us consider these four steps 
in order. 


Encoding. By “encoding” we mean the conversion 
of printed foreign language (source language) text 
material into machine code, perhaps teletype code. 
Electronic encoders have been announced in the 
literature,t but apparently their reliability is not yet 


* Engineering Experiment Station Project No. 157. 
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up to that of the human transcriber. On the other 
hand, human transcribers would not be very efficient 
at this operation, since, for instance, an American 
typist transcribing Russian would be very slow and 
inaccurate. The development of a reliable electronic 
encoder should not be a very difficult project, and its 
importance is evident. 


Dictionary Search. The permanent memory system 
of the machine translator may be considered to con- 
sist of two parts: the dictionary, in which the entire 
source language-target language dictionary is stored ; 
and the stored programs for the necessary logical 
routines. The “source language” is defined as the 
language from which the translation is being made, 
and the “target language” as the language into which 
the translation is being made. 

An incoming source-language text word must be 
stored in machine code in a rapid access device 
(perhaps a shift register) so that the code of the text 
word may be compared bit-by-bit with the source- 
language entries in the dictionary. As an example, 
suppose that the code that is being used is as shown 
in Tables I and II, and that the translation is from 
Russian to English. Suppose that the Russian word 
which is to be located is “spas.” This would be coded 
‘010001000011101.” The method of entering material 
in the dictionary suggested by Hill’ is used. 

For example, sy6 (tooth) and spa (in vain) 
would be stored in a section of the dictionary in 
binary code as follows: 


. . 1,010001001 100010 
1,10100011110111110100010000 1,010001000011101 
1,01001011100000010110000010100101110 I, ... 


The machine would start comparing the code for the 
source-language text word (“spa”‘ in this case) with 
the source-language word codes stored in the dic- 
tionary, one bit at a time starting with the left end of 
the word code. The symbol, I,, means that the 
following word is in Russian, and the symbol, I,, 
means that the following word is in English. The 
I, and I, symbols might be single space (five zeroes ) 
and double space (ten zeroes), respectively, or, in 
some memory systems, some sort of punctuation 
symbols might be available. With this scheme, then, 
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| TABLE 1 
POSSIBLE RUSSIAN CODE* — 


SYMBOL LowER CASE CopDE CapitaL CopE SYMBOL Lower CaAsE CopE CapPiItTaL CopE 
a 00001 1111100001 II 01111 1111101111 
6 00010 1111100010 p- 10000 1111110000 
B 00011 1111100011 e 10001 1111110001 
r 00100 1111100100 T 10010 1111110010 
a 00101 1111100101 y 10011 1111110011 
e 00110 1111100110 i 10100 1111110100 
e 1111011110 x 10101 1111110101 
*K 00111 1111100111 I 10110 1111110110 
3 01000 1111101000 q 10111 1111110111 
u 01001 1111101001 mm 11000 1111111000 
1111111010 I 11001 1111111001 
K 10010 1111101010 b 1111000010 
01011 1111101011 11010 
M 01100 1111101100 b 1111000011 
H 01101 1111101101 +) 11011 1111111011 
Oo 01110 1111101110 10 11100 1111111100 

Al 11101 1111111101 
Space 00000 1 1111000100 
Comma 1111001110 2 1111000101 
Semicolon 1111010000 3 1111000110 
Period 1111010001 4 1111000111 
Etc. 5 1111001000 
6 1111001001 
7 1111001010 
8 1111001011 
9 1111001100 


*Where no capital code appears for a symbol, the Russian character never starts a word. Such characters also occur infrequently. 


TABLE II 
POSSIBLE ENGLISH CODE 
SYMBOL Lower Case CopE CapPiTaL CopE SYMBOL Lower CasE CapPiTaL CoDE 
a 00001 1111100001 n 01110 1111101110 
b 00010 1111100010 fe) 01111 1111101111 
c 00011 1111100011 p 10000 1111110000 
d 00100 1111100100 q 10001 1111110001 
e 00101 1111100101 10010 1111110010 
f 00110 1111100110 Ss 10011 1111110011 
g 00111 1111100111 t 10100 1111110100 
h 01000 1111101000 u 10101 1111110101 
i 01001 1111101001 Vv 10110 1111110110 
j 01010 1111101010 Ww 10111 1111110111 
k 01011 1111101011 z 11000 1111111000 
l 01100 1111101100 y 11001 1111111001 
m 01101 1111101101 Z 11010 1111111010 
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when the search mechanism encounters an I, symbol, 
the machine starts to compare the source-language 
text word code with the following code sequence in 
the dictionary entry, one bit at a time. If any position 
shows lack of correspondence, the machine would 
discontinue the comparison and would start the com- 
parison again, starting with the beginning of the 
incoming text word, when the next I, symbol is 
encountered. Thus in the above example, the machine 
would find correspondence between the code for 
“3pa”’ and the dictionary entry until the ninth binary 
place is reached when the dictionary entry is found 
to be “1” and the code for “spa’’ has a “O” at this 
position. When the search mechanism encounters the 
next I, symbol, the comparison is started again, and 
this time complete correspondence is found to the I, 
signal, so the machine prints out the code sequence 
entered in the dictionary between this I, signal and 
the next I, signal. This sequence is the code for the 
English language equivalent for “spa,” which is “in 
vain.” 


The Logical Operations. \Word-for-word transla- 
tion has proved surprisingly good, but it is not likely 
to be good enough for commercial translation. Some 
consideration of the context of words seems to be 
necessary to obtain a satisfactory output. Yngve 
suggests in an early article® the consideration of 
perhaps three or four words on each side of a particu- 
lar word which is being processed. In a later article,’ 
he suggests sentence-for-sentence translation. To the 
author’s knowledge, no linguists are suggesting the 
consideration of words not located in the same 
sentence as the word being processed. 


The logical operations revolve around three dif- 
ferent problems. The first is the problem of deter- 


mining whether the particular word being considered 


might be a compound of two smaller words, the 
second is that of determining a more accurate transla- 
tion of a particular word or group of words by a 
consideration of the context, and the third is the 
problem of rearrangement of word order. These 
problems will be considered in detail later. 


Decoding. In the decoding operation, which is not 
nearly so difficult as encoding, the machine code is 
translated into the target-language alphabet. At 
present there are several machines which would 
satisfactorily perform this operation. A high-speed 
teleprinter is one device that should be satisfactory 
for the first experimental models of the translator, 
and a recently announced electronic device® should be 
satisfactory for high-speed commercial translation. 


The Problems 


The problems may be classified, or lumped, into 
three classifications: reliability problems, memory 
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and storage problams, and logical problems. Re- 
liability is the most difficult problem in realizing an 
electronic encoder. Current encoders apparently have 
such a high probability of error that human tran- 
scribers are likely to be used for the first models of 
the translator. Although reliability is a very important 
factor, in this paper the reliability problem will not be 
considered. Only the memory and logical problems 
will be considered in detail. 


The Low-Access Time Memory. Referring back to 
the descriptions of the way that material might be 
stored in the dictionary, we note that the entry 
between the I, and the next I, symbol is not neces- 
sarily just one source-language word, but is one 
source-language semantic unit, which often will be 
an idiomatic sequence of words. Thus there is a 
possibility of a storage of many words in this space. 
In order to compare an incoming source-language 
word sequence with such an entry it is necessary that 
sufficient low-access storage be provided to store at 
least this amount of incoming source language 
material at one time. The most common storage 
medium for such purposes is a “shift register.”® 


Shift Register 


To the author’s knowledge, no one has attempted 
to build a shift register which stores more than 200 
bits at a time. The largest of these shift registers, 
which are designed for use in large-scale general 
purpose calculating machines, have capacities of 
about 70 bits. It is possible that the code for some 
idiomatic sequences might exceed 200 bits in length, 
although a cursory search by the author has not un- 
covered any such sequences in Russian, provided 
that the average code length per letter is not over six 
bits. A great many idiomatic sequences may be 
demonstrated which would exceed 70 bits when 
coded. 

Schemes may be devised which will allow a register 
size somewhat smaller than the maximum size of 
word sequences which are to be handled as a unit, but 
all these schemes allow a certain amount of informa- 
tion to be lost. As an example of what might happen, 
consider the idiomatic sequence, “‘oH MHe MopJI02xHI 
cBHHbW.” This sentence gives the literal translation 
“the slipped a pig under me,” but in actual meaning it 
conveys the sense that “he played a trick on me.” 
Actually the ‘‘on mue’”’ part of the sentence is not 
idiomatic, since it merely states “he, to me...,” but 
for the purpose of this example the entire sentence 
will be considered as an idiom in order to illustrate 
the principle. This idiomatic word sequence has 22 
graphic symbols (including spaces), and, with the 
code of Table I, would require 115 bits in its coded 
form. One possible way to handle this sequence with 
a 70-bit register would be as follows. In such an 
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entry, the register would be filled with as much of 
the text material as it would hold, or 70 bits. The 
entry would then be compared with the dictionary, 
and if, when comparing the contents of the register 
with a particular entry in the dictionary, the entire 
contents of the register correlated with the dictionary 
entry, but the I, signal had not yet been reached in 
the dictionary entry, then the contents of the register 
could be erased and the register filled with the next 
70 bits of text material. The comparison of this new 
material with the dictionary would then proceed from 
the point where the last comparison had ended. If 
this second 70 bits of text correlated up to the I, 
signal in the dictionary, the complete correlation 
would be established, and the target-language equiva- 
lents would be read out of the dictionary. The diffi- 
culty with this scheme is that if the second 70-bit 
sequence did not correlate up to the I, signal, then 
the first 70-bit sequence, which had previously been 
erased, would not be available for any further com- 
parison with the dictionary. For instance in the above 
example, the first 70 bits of the expression goes to the 
middle of “nognomun.’’ Thus if someone slipped 
anything other than a pig under a person, no transla- 
tion could be made since correlation would be estab- 
lished up to the middle of “nogaomuz,”’ but then the 
dictionary entry of “cauHbwo” (pig) would not 
correlate. 

Another example which indicates that a reasonably 
large input storage should be provided is that of the 
translation of the various forms of negation in French. 
There are fifteen forms of negation in French, all 
starting with “ne,” i.e., “ne... pas” (not), “ne.. 
plus” (no more), etc. The words in the negation may 
be separated by several words in the sentence, for 
instance, “ne les ecoutez pas trop... .” It would seem 
likely that the best way to handle such sequences 
would be in the source language, i.e., when a “ne” is 
encountered in the incoming text, the following text 
would be searched for the other part of the negation 
and the English equivalent for the complete negation 
inserted in the target-language text in the “ne” loca- 
tion of the sentence. To do this it is necessary to store 
enough of the source-language text material so that 
the part of the sentence from “ne” to the “pas” in the 
above example is all available to the logical program 
of the machine. There are of course, exceptions in 
the use of the negation which will complicate the 
above routine somewhat. 

Most of the logical processing will take place in the 
target language, or in the text material after the 
memory search. Thus a large low-access time buffer 
storage in the output is a necessity; at least one 
sentence at a time should be stored in the output in 
order to allow complete processing of the material. 

The desirability of storing a substantial amount of 
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input and output material, coupled with the difficulties 
encountered in attempting to construct shift registers 
of more than about 100 bits of capacity, encourages 
us to seek another method of storing the material as 
it is being processed. One medium that might be used 
is a magnetic core matrix. These devices are available 
commercially in units which store as much as 140,000 
bits, and have access times of from six to eight micro- 
seconds. Some of the core matrices which are in the 
development stage have separate read and write 
circuits,’® so it might be possible to construct a matrix 
which would allow constant write operations in order 
that the dictionary search could proceed continuously 
without delays while new source-language material 
was being introduced into the matrix. The core 
matrix is important enough so that it is worthwhile 
to explain the principle of operation of this device. 
Core Matrix 

The basic building block of a core matrix is a little 
doughnut-shaped piece of a ferromagnetic spinel 
material, commonly called “a ferrite.” These little 
doughnuts (called cores) may be less than 4g in. in 
diameter. To understand the operation of these ferrite 
cores, consider the sketch in Fig. 1-A in which a 
wire carrying current into the paper threads one of 
the little cores, which is in the plane of the paper. 

The magnetic flux density at any point in the field 
of the wire is proportional to the magnitude of cur- 
rent flowing in the wire, and, referring to Fig. 1-A, 
with the current flowing into the paper as shown, the 
flux will be clockwise about the wire. If the current 
were flowing out of the paper the flux would be in the 
opposite direction. Now with no current flowing in 
the wire, the ferrite doughnut will be a little perma- 
nent magnet with flux flowing in either the clockwise 
or counter-clockwise direction around the core. Sup- 
pose that the core is magnetized in such a way that 
the flux is flowing counterclockwise in the doughnut. 
The magnetization will be represented by point N in 
Fig. 1-B. If a current of magnitude I, is allowed to 
flow into the paper and this current is then removed, 
the state of the doughnut will move to point R, then 
fall back to point N in the hysteresis loop. If a 
current of 2 I, is allowed to flow, the magnetization 
of the doughnut goes to point Q on the hysteresis 
loop, so that now, when the current is removed, the 
state of magnetization of the core is represented by 
point P, or the magnetization in the core has “turned 
over” and flux is now circulating in the core in a 
clockwise direction. 

Consider now Fig. 1-C, where a number of ferrite 
cores are threaded by three wires. Suppose that a 
current I, is passed through each of the wires, 2 and 
b, in the direction shown. In cores II and III the 
state will go to either point R or point S on the 
hysteresis loop of Fig. 1-B, depending upon whether 
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FiG. 1. OPERATION OF A CORE MATRIX 
A. Ferrite doughnut in magnetic field of wire. B. Hysteresis loop of ferrite doughnut. C. Construction of core matrix. 


the core had been at point P or N before the current 
flowed. Since current I, is insufficient to “turn over” 
the core, when the current is removed cores II and 
III will return to the same state that they had before 
current flowed. In the case of core IV, however, a 
current of 2 I, flows, so the state of the core will go 
to point Q regardless of the initial state, and when 
the current is removed, will return to point P. For 
the case of core IV, then, if the initial state was repre- 
sented by point N, the core “turned over.” 

Now if a change in current through a wire can 
change the magnetic flux about the wire, then it is 
also true that a change in the flux about a wire will 
induce a current in the wire. Thus if core IV was 
initially at point P, essentially no change in flux took 
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place in core IV as a result of the flow of the two 
currents I, in wires 2 and b. However, if the core had 
been at point N, a large change in flux (from -¢ to g) 
would have taken place. This change would induce a 
current pulse in the diagonally threaded wire which 
is labelled “read out.” This pulse then tells the 
original state of the core IV. It is true that, in read- 
ing out the contents of core IV, the information 
stored on this core has been destroyed. This can be 
corrected by sending currents of I, through both 
wires 2 and b in the opposite directions from before, 
provided that a pulse appeared on the “read out” wire. 

The rows and columns of the matrix are selected 
by reversible binary counters which operate diode or 
triode switches. Each column and each row has a 
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Fic. 2. IDEALIZED DICTIONARY AND MATRIX ENTRIES 


unique number associated with it. One counter is 
provided for the rows of the matrix and another for 
the columns. When the number (address) ) associ- 
ated with a particular row (or column) is entered in 
the counter, the counter “opens” the gate to that 
particular row (or column). All other rows (or 
columns) have their gates closed. When a pulse is 
introduced to the input of all the gates, only the row 
(or column) whose address is entered in the counter 
will actually be interrogated. Thus two counters 
which could store six bits each could control a matrix 
which stored 2° x 2° = 4096 bits. 

The use of the matrix for an input storage is best 
illustrated by an example. Again the dictionary 
entries are assumed to be listed as suggested by Hill. 
In Fig. 2 a portion of the dictionary and the core 
matrix are shown in idealized form; i.e., the entries 
are shown in alphabetical form rather than in code 
in order to better illustrate the procedure. It is 
assumed that the text material in the matrix has been 
compared with the dictionary up to row 90 and 
column 28. It is also assumed that the dictionary has 
been searched for correlation with the incoming text 
entry, which starts with row 90 and column 28 in the 
matrix, as far as the dictionary entry which is shown 
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in Fig. 2. When this point in the routine is reached, 
the machine, starting with the entry in the matrix in 
column 28 compares the dictionary entry with the 
first entry after I,. These two entries correlate 
through the third entry, or past “Kon.” The next 
symbol in the dictionary, I,, causes the column posi- 
tion counter to be activated, which means that each 
time the column counter increases its count by one, 
the position counter will increase its count by one. 
The machine will then resume the comparison, 
attempting to correlate the “1m” in the matrix with 
the “e’”’ in the dictionary entry. No correlation is 
established at this point, so the machine does not 
attempt any more comparisons until the next I, 
symbol is reached in the dictionary. The machine 
then reduces the position counter to zero (in this case 
it is storing “1’’), one count at a time. Each time the 
position counter is reduced by one count, the column 
counter is also reduced by one count. Thus when the 
position counter reaches zero count, the column 
counter is again at “30,” and the machine again 
resumes the comparison. This time both and ‘‘nr’”’ 
find correlation in the dictionary entry to the I, signal, 
so the target-language equivalent, “end on” is read 
out. In an actual machine, probably several auxiliary 
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counters would be necessary, as may be readily seen 
if this procedure is attempted in the case of the 
negations of French. The principle would be the 
same, however. 


Permanent Storage. A few years ago the great 
problem in MT was considered to be that of the 
large permanent memory for dictionary storage. 
Recent rapid progress made in computer components 
has brought to the horizon devices which promise to 
provide storage capacities with access times which 
will make this part of the problem much simpler than 
was dreamed possible. The most promising of the 
storage devices proposed at this time is one which 


would store information on a photographic plate and 
scan the plate optically.* As was pointed out in a 
previous paper, it should be possible to construct 
such a device which would store forty or fifty mega- 
bits of information with an access time of about 
one-tenth of a second. This rate would seem to 
qualify it for a commercially practical translator. 


Logical Problems. The logical problems include 
multiple meaning problems, and problems in word 
order. The multiple meaning problem arises when a 
particular source-language word may have several 
possible meanings in the target language, and not 
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Note on the “Ocratation” of Concrete 


Translated from Annales de L’Institut Technique du Batiment et des Travaux Publics, Mar.-Apr., 1956, pp. 349-50. 


Epes PROCESS OF “OCRATATION” OF CONCRETE was 
accidentally discovered by the Netherlands firm, 
Ocriet. It consists of treating concrete with silicon 
tetrafluoride (SiF,) under pressure of around 4 atm. 

In its chief chemical reaction this process is sim- 
ilar to treatment by fluo-silicates, but its efficacy is 
much greater because the reactions can affect rela- 
tively important depths. 

The chief reaction is the following : 


2Ca(OH), + SiF, > CaF, + SiO, nH,O. 


Free lime, which is the weak point of all mixtures 
with a cement base, is used with a view toward [in- 
creasing | chemical resistance, and a gel of silica is 
freed which partially closes the pores of the con- 
crete and increases impermeability; mechanical 
strength is equally improved to an important degree. 


Practical Procedure 

The treatment is given to concretes which have 
hardened normally and have reached approximately 
their maximum mechanical strength, considering 
their state of preservation. The [concrete] objects 
are then dried (in such a way as to rid them of their 
free water) then put into a metal tank in which the 
air is first exhausted and which is then filled with 
silicon tetrafluoride gas. By varying the pressure 
and the time of treatment, the depth of the material 
to be affected by fluorination is easily controlled. 

The equipment for the “ocratation” process is in 
general as shown in the appended illustration.* 

The chief substances for the production of silicon 
tetrafluoride are: sodium fluo-silicate or calcium 
fluoride, silica (kieselguhr), sulfuric acid. 


* Not shown here. See original article. Ed. 
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Reactions are the following : 
2Na,SiF, + SiO, + 2H,SO, — 2Na,SO, 


+ 2H,O + 3SiF, 
[or] 
2CaF, + SiO, + 2H,SO, > 2CaSO, + 2H,O 
+ SiF,. 


In order to start these reactions, an excess of sul- 
furic acid and a temperature of 60-79° [C] are 
necessary. At the end of the reaction, the sulfuric 
acid is changed to calcium sulphate by the addition 
of “fat” [colloidal] slaked lime. 

Silicon tetrafluoride gas is dense (3.7), colorless, 
and attacks the mucous membrances, so during the 
active phase of the operation workers must wear gas 
masks and sealed garments. 


Advantages of the Process 


For the reasons indicated, “ocratation” increases 
very noticeably the chemical resistance of concrete. 
Some tests made in Germany have shown that con- 
crete treated with SiF, manifests very good resist- 
ance to dilute mineral acids, lactic and acetic acids, 
sulfates of soda and ammonia, and to various vege- 
table and mineral oils, etc. 

Impermeability is improved quite noticeably, and 
for low pressures one could almost predict a total 
impermeability. 

Compressive strength, by the decrease of the vol- 
ume of the interstices and the formation of a com- 
pound of great hardness, is multiplied by a factor 
generally varying from 1.5 to 2. 

Resistance to wear, always according to the Ger- 
man tests, was heightened by around 50%, while 
the bond of the reinforcement was increased by 30%. 
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AN EFFICIENCY STUDY OF DOUBLE ENVELOPING 
WORM GEARS* 


Bin-LUN Ho 


Research Assistant in the 
Engineering Experiment Station 


The worm and worm- 
wheel type of gearing, like 
any other forms of gearing, 
is used both in the trans- 
formation of motion and 
transmission of power. So 
far as transformation of 
motion is concerned, worm 
gearing indeed possesses 
some excellent features, 
namely, a great reduction 
of rotational speed within 
a small space, lower cost 
and lesser weight for the 
same amount of reduction, compared with the other 
types of gearing. However, in transmission of 
power, worm gearing is greatly limited by its ineffi- 
ciency and its large variation in performance. 

The nature of the tooth action between worm and 
wheel is a complex problem of sliding friction under 
boundary lubrication. The worm-and-wheel type of 
gearing, therefore, inherits the uncertainties and 
variables of boundary lubrication. However, with 
the physical properties of the units under control, 
the performance of a worm-gear unit should be 
fairly predictable. The predominating factors to be 
considered are speed, temperature, and lubricant. 

The normal operating speed of a worm-gear unit 
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‘might be quite high. Yet, if in the process of attain- 


ing the operating speed the unit has to go through 
a region of low speed under load, such as starting 
under load, it might fail to function because of the 
very low efficiency at slow speeds. The use of 
extreme pressure lubricants for steel and bronze 
worm units is still a controversial subject. 

The efficiency of modern worm-gear units at dif- 
ferent speeds and with different types of lubricants 
as well as different lubricant temperatures seemed, 
therefore, worth investigating and formed the basis 
of the study, some of the results of which wil! be 
presented here. 


Worm-Gear Sets 


Two worm-gear sets of the Cone type, a double 
enveloping worm gear, were used for the tests. The 
units have steel worms and bronze wheels with the 


* From the M.S. thesis of Bin-Lun Ho, entitled “Worm 
Gear Efficiency,” University of Washington, 1956. 
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worm under the wheel and 
partially submerged in the 
lubricant bath. The worms 
and wheels are both manu- 
factured by the hobbing 
process. The units were or- 
dinary commercial ones as- 
sembled and aligned in the 
factory,t with no special 
features. The physical di- 
mensions of the units are 
shown in Table I. The 
ratio of a practical worm- E. E. Day 

gear unit usually falls be- 

tween the ratios of these two units, 40 to 1 and 
10 to 1. 


The Testing 

The testing machine (Fig. 1) has a speed range 
of 5 to 1400 rpm. This speed range is covered by a 
variable speed d-c motor, four arrangements of 
\-belt drives, and a geared speed reducer of the 
herringbone-gear type (Fig. 2). The input torque 
to the worm gear is measured by a strain-gage type 
of torquemeter immediately before the worm. The 
torquemeter consists of 4 strain gages located at 45° 
to the axis on an aluminum cylinder. The output 
from the gage is recorded by a strain indicator. The 
output torque is measured by a diaphragm brake 
actuated by water pressure. The rotation of the 
brake is stopped by a strain-gaged tension link. A 
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TABLE I 
PHYSICAL DIMENSIONS OF THE WORM GEARS 
Gear | Center Normal Worm 
Set | Distance | Ratio Lead Pressure | Pitch Dia. 
No. (in.) Angle Angle (in.) 
1 4 10:1 19°43’ 20° 1.550 
2 4 40:1 5°0’ 20° 1.600 


second strain indicator is used to record this tension 
in the link. An electric tachometer, attached directly 
to the worm shaft, is used for worm speeds above 
100 rpm. During the tests, for speeds lower than 
100 rpm the speed was established by counting the 
revolutions with a stop watch. A temperature gage 
was inserted in the lubricant bath close to the point 
of exit of lubricant from the worm. 

The units were “run in” from the unused condi- 
tion until a satisfactory amount of stabilization was 
observed before the efficiency tests. The “run-in” 
speeds were 300 rpm and 500 rpm for the worm- 
gear units with a lead angle of 5°0’ and 19°43’, 
respectively. The load was gradually increased as 
shown in Table II. The efficiency variation of the 
two gear units during the “run in” period is shown 
in Fig. 3. 

After the run-in, the efficiency data were obtained 
by setting the worm speed to a specific value, the 
output at the rated load, and then observing the 


TABLE Il 
“RUN-IN” LOADS 

ANGLE: 5°0’ LEAD ANGLE: 19°43’ 

SPEED: 300 rpm SPEED: 500 rpm 
Age of Set Load Age of Set Load 
(hr and min) | (% of full load) | (hr and min) | (% of full load) 
0:00 - 0:28 40 0:00 - 0:21 25 
0:28 - 1:28 75 0:21 - 0:56 50 
1:28 - 9:45 88 0:56 - 7:30 67 


output and input simultaneously at different lubri- 
cant temperatures. The runs were started at an 
ambient temperature of about 70° F and discon- 
tinued at 160° F. Four different lubricants’ were 
used in the testing. (See Table III.) 

The static friction, or efficiency at zero worm 
speed, was obtained by disconnecting the input 
coupling between the torquemeter and the unit, and 
by applying an arm and weight to the worm (Fig. 
4). The same brake was used for the output. 


Results 


The data were processed and plotted in Fig. 5, 
which shows the relation between efficiency and 
worm speed at a lubricant bath temperature of 130° 
F. The upper curve, which was obtained from the 


90 
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TABLE Ill 
LUBRICANTS 
Lubricant bins Description 
No. 100° F | 210°F 
1 2400 155 600 cylinder oil 
2 3200 155 mild E. P. oil 
3 102 41.5 | turbine oi!, MIL-L-7808 
4 440 92 synthetic oil 


worm unit with a 19°43’ lead angle, shows a much 
higher efficiency than the lower curve, which is for 
the unit with a 5°0’ lead angle. The efficiency of 
the smaller lead angle drops faster than that of the 
larger lead angle as the speed decreases. Further- 
more, the efficiency for both units drops rather 
sharply below 60 rpm. 

The data were further processed to yield the effect 
of sliding speed on the coefficient of friction in the 
tooth contact. The following equation was used to 
make the conversion : 


cos¢—f tan d, 


cos¢@+f tan 
or 
ie cos ¢(1—EFF.) 
(EFF.)cot\+tand’ 
in which, 


@=normal pressure angle, 
\=lead angle of worm, 
f=coefficient of friction. 


The result shows a good agreement in the coeffi- 
cient of friction between the two worm-gear units. 
Since these two units are approximately the two 
extremes of practical units, a curve was drawn in 
Fig. 6 to represent the coefficient of friction to be 
expected for worm gears which are physically sim- 
ilar to the units tested. Figure 6 also shows that 
the friction increases sharply below a sliding speed 
of 30 fpm. 

The observed effect of temperature is that the 
efficiency decreases with increasing temperature. 
For the 600 cylinder oil, the following observations 
were made: 

1. Sliding speeds lower than 200 fpm: 
The efficiency at this range of speed does not 
show any marked change with the usual oper- 
ating temperature of 70 to 160° F. For these 
conditions, then, the values in Fig. 6 give the 
average friction to be expected. This indicates 
a condition in which the speed is low enough 
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Fic. 4. SETUP FOR DETERMINING STATIC FRICTION 
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80 
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200.400 600 B00 1000. 1200 1400 


SPEED OF WORM-RPM 


Fic. 5. RELATION BETWEEN EFFICIENCY AND WORM SPEED 
AT LUBRICANT BATH TEMPERATURE OF 130° F. 


to maintain a more or less constant boundary 
lubrication condition. 
2. Sliding speeds higher than 200 fpm: 

Efficiency decreases with increasing temper- 
ature, indicating that the degree of surface 
contact becomes more severe as the lubricant 
between the contact surfaces becomes thinner. 
The decrease is about 10 per cent per 60° F 
difference, or 1.7 per cent per 10° F difference. 
The rate of change is only slightly faster when 
the speed is higher. 

The specific mild extreme pressure lubricant 
tested, which contains lead soap, gives a lower effi- 
ciency but also a smaller efficiency change with the 
temperature. The polar property of the additive in 
the lubricant is probably quite successful in adhering 
to the high spots, where a boundary film exists 
regardless of the rubbing action that tends to expel 
it. The efficiencies at 170° F are about the same for 
both types of lubricant. Since the mild E.P. type 
of lubricant is generally not recommended for tem- 
peratures above 170° F, nothing is gained in effi- 
ciency by using this type of lubricant. 
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Fic. 6. VARIATION OF THE COEFFICIENT OF FRICTION WITH SLIDING VELOCITY 
Two low-viscosity lubricants were also tested. [UB 1-155 SSU AT 210° F, 600 CYL OIL 
The variation of efficiency with temperature at a r+ Eg 
speed of 380 fpm is shown in Fig. 7. 80 LUB SUNTHETIC 
8 LuB 4 
Conclusions 
(1) The coefficient of friction increases with de- 
creasing speed and is independent of the lead angle & — 
of the worm for all practical purposes (Fig. 6). w 60 Cives 
(2) For a worm-gear unit under load, the coeffi- 
cient of friction is around 0.13, — 70 per cent 395 
efficiency for a lead angle of 20° and 41 per cent TEMPERATURE, °F 


for a lead angle of 5°. In the practice of two worm- 
gear units in series to obtain a desired reduction, the 
starting efficiencies are 49 per cent and 17 per cent 
for lead angles of 20° and 5°, respectively, which 
are very low efficiencies, indeed. 

(3) The mechanism of lubrication between teeth 
belongs to the boundary lubrication region, indicated 
by the observation that the efficiency drops with 
increasing temperature. The efficiency drop was 
evident at sliding speeds more than 200 fpm with a 
mineral oil of 160 SSU at 210° F. Within the tem- 
perature range of 79° to 160° F and sliding speeds 
of 200 fpm up to 600 fpm, a rate of 1.7 per cent per 
10° F was observed. 

(4) The use of the particular mild extreme pres- 
sure lubricant used in the tests does not improve the 
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FIG. 7. EFFICIENCY AT VARIOUS TEMPERATURES 
Sliding velocity: 380 fpm; lead angle: 5°0’ 
efficiency of operation. However, this statement is 
by no means conclusive for all mild extreme pressure 
lubricants, since many types and makes are available 

at present. 

(5) Great care should be exercised in the appli- 
cation of worm gears in design because of the great 
variation in efficiency encountered. Properly em- 
ployed, however, the worm-and-wheel type of 
gearing will give an economical application at com- 
paratively less space and weight. 
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FLOWMETER 


MICHAEL G. ARYA 


Research Assistant in the 
Engineering Experiment Station 


Conventional flowmeters, 
both rate and positive dis- 
placement types, introduce 
pressure drops in the flow 
circuit and do not give the 
rapid response desired in 
many applications. Their 
shortcomings can be elim- 
inated by applying electro- 
magnetic principles to the 
measurement of liquid mass 
or volume flow rates. In 

M. G. Arya an electromagnetic flow 
metering system, the only 
physical contact between any part of the flowmeter 
and the flowing fluid is that made by a pair of elec- 
trodes inserted in the wall of the flow passage, and 
the manner of insertion of the electrodes is such 
that there is negligible resistance to flow. By the 
proper selection of indicating devices, it should be 
possible to detect and indicate flow-rate transients of 
short duration. 


Basic Principle 


The basic operating principle of the electromag- 
netic flowmeter is essentially the same as that of 
a solid conductor cutting the lines of magnetic flux 
in the conventional electric generator. A magnetic 
field is supplied from any available source, and the 
fluid which is to have its velocity measured is directed 
to flow through the magnetic field. Because the fluid 
reacts in a manner similar to the conductors in an 
electrical generator, a potential is generated within 
it. The electrodes, making contact with the fluid on 
each side of the flow passage, act in the same manner 
as a commutator or slip ring does in a generator 
and transfer the voltage generated in the moving 
fluid to some form of a stationary measuring system. 


Principal Elements 


Figure 1 is a block diagram illustrating the general 
arrangement of the components of a complete electro- 
magnetic flow-metering system. The following prin- 
cipal elements are required: 
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(1) magnetic field power 
source 

(2) sensing head 

(3) cathode follower and 
balancing unit 

(4) voltage amplifier 

(5) indicating device 

The magnetic field power 
source supplies the energy 
for creating the magnetic 
field mentioned before. The 
energy is supplied to the 
sensing head where the 
magnetic’ field, directed so 
that it is normal to the flow direction, is established 
in an iron core. A flow rate indicating signal voltage 
is generated in the fluid as it passes through the flow 
tube of the sensing head and that signal is trans- 
ferred from the sensing head to the voltage amplifier 
by the cathode follower ; the latter matches the impe- 
dance of the sensing head to the impedance of the 
voltage amplifier. Any undesirable signals are neu- 
tralized at the cathode follower by the balancing unit. 
The voltage amplifier amplifies the signal voltage to 
a value large enough to cause the desired deflection 
of the indicating device. By the proper selection of 
the indicating device, either an instantaneous indica- 
tion or a permanent record of the rate of flow can be 
obtained. If sufficient power is available from the volt- 
age amplifier, several instruments may be operated 
simultaneously. In Fig. 1, the dimensions of the sens- 
ing head relative to those of the other components 
have been exaggerated for the purpose of emphasiz- 
ing its details. 

The primary purpose of this discussion is to point 
out the influence of electrolytic polarization on the 
performance of an electromagnetic flowmeter. Thus, 
the foregoing description of flowmeter principles 
lacks sufficient detail to fully familiarize the reader 
with the instrument at his first exposure to the 
subject. For more detailed information concerning 
flowmeter principles and problems, the reader is 
referred to references. such as 1, 5, and 9. 
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Fic. 1. BLOCK DIAGRAM OF ELECTROMAGNETIC FLOWMETER 


The Polarization Phenomenon 


Polarization has been a subject of interest to phys- 
icists and chemists for many years. The phenomenon 
is characterized by the separation of chemical 
elements from an electrolyte and the depositing of 
these elements on the electrodes of an electrolytic 
cell. Polarization sometimes causes an electromotive 
force at the interface between the electrode material 
and the coating formed of material separated from 
the electrolyte. Such an electromotive force ordi- 
narily opposes the main electromotive force of the 
cell and thus reduces the effective voltage at the cell 
terminals by the amount of the interface electromo- 
tive force. Because an electromagnetic flowmeter 
employing an invariant magnetic field is much like 
an electrolytic cell in character, polarization might be 
expected to appear in the operation of such a meter. 
A search of the literature indicates that such polar- 
ization has indeed been reported by several investi- 
gators,!®?7,.29 employing flowmeters with invariant 
magnetic fields. 

A number of investigators employing electromag- 
netic flowmeters with alternating magnetic fields,!.%»!8 
report reduction of polarization effect as a result of 
departure from use of the invariant magnetic field. 
Since an invariant magnetic field is simply a special 
case of an alternating field as the frequency is allowed 
to approach zero, it is natural to wonder how rapidly 
the loss of flowmeter signal is reduced with an in- 
crease in frequency of magnetic field alternation, and 
at what point the loss becomes insignificant. Also, 
one might suspect that the amount of signal lost as 
a result of polarization would be influenced by the 
nature and concentration of the electrolyte involved. 
Such seems to be the case. 

Unfortunately, the studies of polarization resulting 
from alternating potential differences seem to have 
been less thorough than the studies concerning d-c 
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polarization. However, several early investiga- 
tions?-10,11,12,14,22,2 8 have indicated the existence of 
such a phenomenon, and a fairly recent work by Shaw 
and Remick?+ presents a quantitative picture of the 
influence of a-c polarization on the internal impedance 
of an electrolytic cell. The internal impedance was 
found to consist of a capacitive and a resistive com- 
ponent, each of which varied with current density, 
the frequency of the applied voltage (0 to 1200 cps), 
and the concentration of the electrolyte (H,SO,) in 
the water. 

As in the case of polarization in the d-c electrolytic 
cell and the invariant field flowmeter, the existence 
of a-c polarization established by Shaw and Remick 
et al. leads one to expect a similar phenomenon in 
the a-c flowmeter. In spite of this fact, however, 
little or no attention has been turned to the experi- 
mental determination of quantitative polarization 
effects in the a-c electromagnetic flowmeter. That 
the study of a-c polarization in the electromagnetic 
flowmeter has escaped careful scrutiny until now, is 
even more surprising in light of the fact that a 
number of published experimental flowmeter studies 
yield flow-signal voltages considerably removed from 
the theoretical values given by the equation, /,=uBd, 
where 


V .=flow-signal voltage, 
B=magnetic flux density, 
d=separation between electrodes, 
u=mean velocity of liquid flow, 

all in rationalized mks units. 

Because such a desirable study is apparently lack- 
ing in the literature, the writers were led to con- 
struct a small (1.27-cm bore) electromagnetic flow- 
meter similar to that shown in Fig. 1, which was 
operated with a constant amplitude alternating mag- 
netic field of 60-cps frequency. Through the flow- 
meter, varying concentrations of various electrolytes 
were run at constant velocity, and the flow signal 
was determined for each concentration of each elec- 
trolyte. 


A-C Polarization Effects in the Flowmeter 


To determine the effects of liquid properties on 
flowmeter performance, five sets of data were 
taken, one each with KC1, NaCL, NaOH, HNO,, 
and H,SQ, solution. Each set of data supplied one 
curve of internal conductance versus flow signal 
(Fig. 2) and each datum point is an average of five 
or more readings. The curves are all for constant 
flow rate of 0.296 gpm and constant rms flux density 
of 767 gauss. The curves of Fig. 2 show an appre- 
ciable drop in signal as a function of internal con- 
ductance of the flowmeter. The internal conductance 
of the flowmeter, taken to be the reciprocal of its 
interelectrode resistance, may be regarded as a 
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measure of the relative ease with which electricity 
can pass through the solution. Since transport of 
electricity through a solution depends upon the 
presence of ions (ionic concentration), other things 
being equal in weak electrolytic solutions, the solu- 
tion that contains the greatest concentration of ions 
is the best conductor. Therefore the conductance 
of a solution is a direct function of the ionic con- 
centration. 

The addition of acids or salts to water used as a 
test liquid lowered the interelectrode resistance of 
the flowmeter. Also, the addition of chemical solu- 
tions caused the flow signal to become less stable 
with time, and some difficulty was encountered in 
reading the flow signal with higher concentrations 
of electrolyte in the test solution. The instability of 
the flow signal may be caused by layers of electro- 
lytic gases forming on the electrodes in the flow 
tube walls during the test. 

Lewis and Jackson 7! attributed polarization to 
“a counter electromotive force caused either by 
exhaustion of the substances used in the electrolytic 
reaction faster than they can be replaced, or by the 
accumulation of the products of this reaction faster 
than they can be removed.” This counter emf is 
known as the polarization emf; it is the difference 
between the actual observed voltage and the theoret- 
ical voltage. 

The change in polarization emf takes place over 
a period of time; therefore, the signal at the elec- 
trodes approaches a final value over the same period 
of time. Such a moderately slow stabilizing of the 
flow signal was observed. Also, when the flow was 
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shut off, the signal did not return to zero immedi- 
ately, but settled back to zero slowly, indicating the 
presence of a slowly disappearing counter emf as 
the gas formed around the electrodes was slowly 
dispersed. Figure 3 shows the flowmeter perform- 
ance as a function of internal conductance. The 
curves show an appreciable drop in signal as a func- 
tion of internal conductance. The amount of signal 
drop for a given conductance value is different for 
different test solutions. 

From existing theoretical considerations, the flow 
signal is given by *73 


Via o 


1+( ves) 
c= (uBd), 


where u is the mean liquid velocity, 
B is the magnetic flux, 
d is the distance between electrodes, 
€, is the relative permittivity of the liquid, 
€ is the permittivity of the free space, 
o is the conductivity of the liquid, 
w is the angular frequency of field 
alternation, 
« is termed the attenuation factor and is 
determined by electrical properties 
of the liquid. 
All units are expressed in the rationalized mks system. 
Theoretical studies?’ have shown that the attenu- 
ation factor, a, frequently has little effect on the flow- 
signal calculations and can be neglected in many 
practical cases, although it should not be ignored as 


(1) 
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a part of the over-all flowmeter problem. The elec- 
trical properties of liquids used in this work are such 
that the attenuation factor can be ignored, and Eq. 1 
can be written as 

V.=uBd. (2) 
Equation 2 states that the flow-signal emf is inde- 
pendent of the internal conductance of the flowmeter, 
being constant for constant flow regardless of the 
liquid employed. The measured flow signal might 
even be expected to increase because of smaller 
sensing head internal IR drop as a result of addi- 
tional ions in the chemical solution. The experimental 
results, however, indicate that the flow signal de- 
creases with increased ionic concentration and the 
amount of signal loss varies with the type of ions 
in the test liquid. 

Jones !? obtained the relationship between quantity 
of electricity passed and counter voltage for lead 
electrodes. He found that the voltage rose regularly 
with the quantity of electricity to a point where the 
polarization voltage curve flattened out, owing to 
saturation of ions. Figure 3, shows the polarization 
emf as a function of ionic concentration for different 
test solutions. The curves were obtained from the 
experimental curves of Fig. 2 by plotting the signal 
voltage reduction from the theoretical constant signal 
value against the interelectrode conductance. The 
expected constant signal value is the value of flow 
signal at the beginning of each test when the test 
liquid is distilled water. 

Ionic concentration in the neighborhood of the 
electrodes depends directly upon the mobilities of 
ions; the greater the velocity of ions, the greater 
will be the change in concentration of the ions in the 
vicinity of the electrodes from which they move 
away. 

That the polarization voltage is a function of the 
ionic mobility difference can be inferred from the 
experimental results shown by the curve of Fig. 4. 
The points in Fig: 4 are obtained from the curves 
of Fig. 3 by taking the difference between (1) the 
flow-signal voltage at the beginning of the test when 
the test liquid is distilled water (before the addition 
of chemical solution) and (2) the final value of the 
flow signal when the liquid has reached the ionic 
saturation, i.e., when an increase in ionic concentra- 
tion produces no appreciable decrease in flow signal. 
The flow-signal difference obtained is the maximum 
polarization voltage, and is plotted against the ionic 
mobility difference for each particular pair of ions 
of the test solution. In terms of charge-carrying 
ability, the ionic mobility difference of H,SO, solu- 
tion, due to its bivalent characteristic, is taken as 


2(vy-—Vs0,++) m/sec, 


where vyq- and vgo,++ ate the mobilities of hydro- 
gen and sulphate ions, respectively. 
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If the curve in Fig. 4 is extended to zero ionic 
mobility difference, then the curve indicates that the 
maximum amplified polarization voltage is around 
7 mv. For zero ionic mobility difference one might 
expect the a-c polarization voltage to be zero. It 
would appear then, that the curve is displaced by an 
amount equal to approximately 7 mv throughout. 
This is attributed to the assumption that water does 
not give rise to polarization voltage, i.e., the ionic 
mobility difference of hydrogen and hydroxyl ions 
is zero. (Actually it is 15.7 x 10-* cm per sec.) 


Conclusions 


The knowledge required for a complete under- 
standing of polarization phenomena in the a-c elec- 
tromagnetic flowmeter is probably rooted in the 
field of electrochemistry. The writers have made a 
preliminary survey of literature in this field, and 
have found no analytic study of polarization in so 
complex a system as the a-c electromagnetic flow- 
meter. Thus, until the time when such an analysis 
can be undertaken, the preceding experimental results 
are offered as evidence that the polarization phe- 
nomenon,is not negligible in all fluids even at fre- 
quencies as high as 60 cps. Also, the work serves as 
a guide to general results that may be expected with 
a given type of flowmeter operated through a given 
range of electrolyte concentrations. 

It is possible that the polarization effect is influ- 
enced by the transit time of the ions between elec- 
trodes. In this case, the signal loss would be influenced 
by the geometry of the flow section and the place- 
ment of the electrodes. Experimental evidence to 
evaluate such a possibility is not available, and thus 
the likelihood of such an effect remains an open 
question. 
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The writers recognize that no generalizations can 
be made from the work that is available. The only 
unqualified conclusions that can be reached are (1) 
there is a polarization effect in the a-c electromag- 
netic flowmeter and (2) within the experimental 
limits of the apparatus employed, this effect is 
represented quantitatively for certain electrolytes 
and flowmeter construction by the curves presented 
above. If the preceding work stimulates additional 
consideration of the problem, it will have served its 
purpose adequately. 
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CHEMICAL ENGINEERS IN SCIENCE MEETING 
(Continued from page 8) 


But, while making every effort for world-wide 
cooperation in developing atomic energy for peace- 
ful purposes, the speaker warned his audience that 
the United States must keep up its military atomic 
power. 

Several faculty members of the Department of 
Chemical Engineering at the University of Wash- 
ington appeared on the AIChE sectional programs. 
At the Monday afternoon session, at which Dr. L. N. 
Johanson presided as chairman, Dr. M. M. David, 
with Ralph F. Peak of the Speer Cartridge Inc. 
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(Lewiston, Idaho), presented a paper on “Cost of 
Cation Exchange Equipment.” On Tuesday, Dr. 
R. W. Moulton was co-author, with Frederic J. 
Shelton of Reichhold Chemicals Inc., of the paper, 
“An Evaluation of Iron Oxide-Molybdenum Oxide- 
Vanadium Oxide Catalyst in the Oxidation of Cro- 
tonaldehyde to Maleic Anhydride.” 

Joseph L. McCarthy is Chairman of the 
Washington-Oregon Section of AIChE. Meeting 
chairman was Dr. Albert L. Babb, and Dr. L. N. 
Johanson was program chairman. 
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Bolted Joints Research 


Desi D. VASARHELYI 


Assistant Professor of Civil Engineering 


HE USE OF HIGH TENSILE STEEL BOLTS in struc- 

tural joints is rapidly expanding. One of the 
great manufacturers reportedly used some 6 million 
bolts since 1951 in assembling 580,000 tons of steel 
structure. A 38-story steel building is being erected 
in New York City, all bolted. This increase in the 
use of the high-tensile bolt in structural joints is of 
course due to both technical and economic advan- 
tages. Nevertheless, such a fast development would 
not be possible without very extensive and well 
coordinated research. 

The coordination of the work at a number of 
universities with active support and participation 
of the industry is the work of the Research Council 
on Riveted and Bolted Structural Joints of the Engi- 
neering Foundation. 

The work on bolted joints assembled with high 
tensile bolts at the Structural Research Laboratory 
of the Civil Engineering Department of the Univer- 
sity of Washington was started early in 1949, in 
cooperation with the Washington Toll Bridge 
Authority and the Engineering Experiment Station. 
This work received the attention and, later on, the 
support of the Research Council. 

The first phase of this research, directed by Pro- 
fessor R. A. Hechtman (now Executive Officer, 
Department of Civil Engineering, George Wash- 
ington University, Washington, D.C.) comprised a 
very extensive study of factors governing slip in 
bolted joints. The clamping force of the high tensile 
bolts, the condition of the faying surfaces, the bolt 
pattern and the size of the joints are such factors. 
Reports'® to the Research Council and _publica- 
tions*-!° revealed and made available the facts from 
this research. 

Since bolted joints could play a part in building 
better bridges for less money for state highways, the 
Washington State Commission for Highway Re- 
search also became interested and is now taking an 
active part in sponsoring further research. 

The research program has been expanded to in- 
clude factors which might influence the efficiency 
of the joint and to cover new techniques developed 
in practice and not fully investigated yet. 

Such a phase of the research on the effect of mis- 
aligned holes, punched holes, and painted faying 
surfaces, at normal and at sub-zero temperatures, 
upon the efficiency of bolted joints has just been 
concluded.* These tests were concluded under the 
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direction of the writer, who has supervised the pro- 
gram since the departure in 1955 of Professor R. A. 
Hechtman. 

This spring both the State Highway Commission 
and the Research Council made further grants which 
will carry the active research one year further in the 
Structural Research Laboratory. 

The subjects of the new research are: slip in joints 
with bolts tightened by the one-turn-of-the-nut 
method, the strength and efficiency of big joints, and 
a comprehensive analysis of slip data from the tests 
of this university and others. 

The one-turn-of-the-nut method means that the 
high-tensile bolt of an average grip length can be 
tightened by only giving a full turn to the nut, while 
the bolt head is fixed. Since the close check of the 
applied torque on the wrench, a difficulty in present 
practice, could be avoided by this method, it is of 
great practical importance, and we should know how 
it influences the slip properties of the joints. Tests 
on two big 80-bolt specimens as well as a number of 
smaller ones will be carried out, and a statistical an- 
alysis of the data will be made. 

The efficiency of the bolted joint seems to be 
influenced by the number of bolts and by the pattern 
in which they are arranged. Tests on two specimens 
are planned to shed more light on this point. 

A great wealth of data is now available from the 
tests run at this university and others, concerning 
the slip in bolted joints. A systematic analysis of all 
these data certainly might reveal important facts. 

It is hard to see when, if ever, research so closely 
connected with an actual active development in the 
industry comes to a point at which we might stop 
believing that we have all the facts. However, we 
hope that the end of the present program will give 
us the satisfaction that light has been shed on some 
dark corners of our present knowledge. And let us 
remember the ancient philosopher’s sigh: “ars longa, 
vita brevis!” 
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Engineering Progress in Machine Translation 
(Continued from page 15) 


necessarily closely related meanings at that. For 
instance the Russian word, “rurapa,” has the English 
equivalents “guitar” and “bracket.” For reasonable 
understanding it is important to eliminate as many 
as possible of the multiple meanings which do not fit 
in with the context of the word. The multiple mean- 
ing problem for a particular word may be solved 
either by a consideration of the grammatical incident 
meaning of the word, or by considering the non- 
grammatical meaning of the word. As an example of 
the solution by considering the grammatical incident 
meaning of the word, Reifler’? uses the German 
example “wegen dieser Schueler.” The word “wegen” 
in isolation has the grammatical meanings of plural 
genitive or singular genitive. The word “dieser” has 
in isolation the grammatical meanings of singular 
masculine nominative, singular feminine genitive, 
singular feminine dative, or plural genitive. The word 
“Schueler” has in isolation the possible grammatical 
meanings of singular masculine nominative, plural 
genitive, singular masculine dative, singular mascu- 
line accusative, plural nominative, or plural accusa- 
tive. Since only the plural genitive is common to all 
three, only the plural genitive meanings are selected, 
and the correct translation, “because of these pupils,” 
is chosen. 

The non-grammatical incident meanings of words 
present probably a more difficult problem, and a 
problem on which very little has been done. The 
example of the Russian “rurapa” (guitar, bracket) 
listed above is one case where the non-grammatical 
incident meanings of the word must be determined 
from the word context. Another example of a prob- 
lem in the non-grammatical incident meaning of a 
word is the case of the negation in French. The 
occurrence of “ne” has fifteen possible translations 
(not, only, etc.) depending on the occurrence of other 
words in the sentence. 

The word-order problem has not been considered 
in great detail up to this time, mainly since it has been 
shown" that for scientific writing, in the great 
majority of cases foreign writers tend to use English 
word-order form even in those languages such as 
Russian which are actually word-order independent. 
There is no doubt that sometimes a rearrangement of 
word order would render the output more readable, 
so as the art of machine translation progresses, un- 
doubtedly more consideration will be given to this 
problem. 

The extensive use of compound words has led 
researchers to consider dissection schemes so that the 
storage of material in the dictionary can be reduced 
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and so that extemporaneous compounds may be 
translated. The dissection scheme has been solved 
completely in the linguistic sense by Reifler.'* The 
use of compound dissection schemes complicates the 
engineering problem since such a scheme must in- 
volve logical routines which are quite time con- 
suming. This problem was considered in a previous 
paper.* Here we will note only that at least part 
of Reifler’s dissection scheme will probably be in- 
cluded in even the first translation machine, but 
ultimately just what will be done about this problem 
cannot yet be determined. 


Summary 


The foremost question which an engineer must 
ask himself when evaluating a new idea is: “Will the 
results be useful enough to justify the cost?” or, 
in other words, “Will the device pay for itself?” To 
answer this question in the case of the machine 
translator, two other questions must first be 
answered: “Is there a large demand for translations 
of foreign language material?” and “Is the material 
available for translation?” The answer to the first 
of these questions is fairly well known. A tremen- 
dous amount of scientific work is being accomplished 
in foreign lands, particularly in Russia where scien- 
tific progress is going ahead at approximately the 
same rate as in the United States. A serious scien- 
tist will wish to avail himself of all published material 
in his field of interest, regardless of the source. The 
language barrier is something of a problem, since 
few scientists are able to handle more than two 
languages easily. Thus a machine translator should 
materially aid the dissemination of material. The 
question of availability of material may also be 
answered affirmatively. For instance, most of the 
Russian scientific journals are available for sub- 
scription to United States scientists. Russian books 
are also available in large numbers and at very 
reasonable prices. Thus there is an abundant supply 
of raw material for a translation machine, and a ready 
market for the machine output. The only question 
left to be answered is one of economics: “Can the 
material be processed economically ?”” At the present 
time there appears to be no reason why a machine 
translator cannot compete on a cost-per-word basis 
with well-trained polyglots. 

In conclusion we note that interest in machine 
translation is by no means restricted to people in 
English speaking countries. For instance in the 
Russian newspaper, Pravda, on January 22, 1956, 
an article appeared describing the recent translation 
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of scientific material from English to Russian by 
means of a digital computer. A translation of this 
article appears below. 


Fortunately for us, the problem of translation from 
Russian to English is much simpler than from 
English to Russian. 
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NOTE 

The author, who is completing his doctorate in Electrical 

Engineering, chose Russian and French as the two foregin 

language requirements for his degree. He believes that the 

increas quantity and importance of technical literature 

insbliched exclusively in the Russian language should be 
recognized by engineers planning a research career. Ed. 


A Machine Translates from One Language to Another 


(From Pravda, January 22, 1956) 


Translated from the Russian by Dr. Lew R. Micklesen, Assistant Professor of Far Eastern and Slavic 
Languages and Literature, University of Washington. 


The first successful experiments in automatic 
translation from one language to another have been 
carried out in the Academy of Sciences of the 
USSR.* They were performed on the rapid-action 
electronic computing machine “BESM” described in 
Pravda Dec. 4 1,955. 

At first glance it seems unlikely that a machine can 
automatically make a translation from one language 
to another. But if one ponders the question a little, 
then one can easily understand that there is nothing 
impossible in it. In reality, of course, a language 
represents a definite system in which the meanings of 
words and any of their modifications are reflected in 
lexical and grammatical devices. 

The possibility should exist, therefore, of elabo- 
rating such dictionaries and such rules of translation 


* The reader’s attention is drawn to the fact that “January 
7, 1954 marked the successful culmination of a joint project 
of the Institute of Language and Linguistics of the George- 
town University School of Foreign Service and IBM: one 
language (Russian) was successfully translated into another 
(English) by means of a high-speed electronic digital com- 
puter.”—Tech. Newsletter 9, Applied Science Division, IBM, 
Jan., 1955. See also “The Georgetown-IBM Experiment,” 
by L. E. Dostert in Machine Translation of Languages, Tech. 
a MIT, and John Wiley & Sons, Inc., New York, 1955. 
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which would consider all features of sentence con- 
struction and would allow the accurate and un- 
ambiguous determination of the meaning of the 
component words and their mutual relationship in 
the text. From this it also appears possible to make a 
translation by completely automatic means with the 
help of machines with programmed directions—for 
example, machines similar to those which auto- 
matically perform complex mathematical computa- 
tions. 

In order to realize such a translation, it is necessary 
first of all to encode the phrase to be translated into a 
special numerical code so that a certain binary number 
corresponds to each letter. By indicating, for ex- 
ample, as is done in the Baudot code, the letter “a” 
of the Latin alphabet by 16, the letter “‘n” by 15, the 
letter “d” by 30, we can substitute for the English 
word “and” (Russian “u’’), the number 161530. 
The numbers, corresponding to words in this coding 
system, can be punched into a paper tape. A person 
who does not need to know English may do this on a 
simple apparatus like a typewriter having a keyboard 
with Latin letters. This tape is introduced into the 
electronic calculating machine, whose device contains 
a dictionary installed there beforehand. Each word 
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of the dictionary, consisting of English and Russian 
parts, has also been replaced by a corresponding 
number ; and the process of searching for a word in 
the dictionary amounts to a comparison of the number 
introduced into the machine and expressing a given 
word with all the numbers of the dictionary. Say 
that number corresponding to the word of the text 
that we want to determine is subtracted successively 
from all the numbers representing the words of the 
dictionary. When the remainder after subtraction is 
equal to zero, our search is over: the number of the 
dictionary which corresponds exactly to the number 
subtracted has been located and therefore the word 
corresponding to it has been found in the dictionary. 
This means that in the Russian part of the dictionary 
the word corresponding to the English word has been 
found. All this is done by the machine completely 
automatically and with great speed. For example, in 
the “BESM” machine, one matching operation takes 
about one ten thousandth part of a second, so that 
the machine can read a dictionary of 1000 words in a 
period of time measured in parts of a second. 

The dictionary in the machine, however, differs 
from those dictionaries we customarily use. In it the 
rules which allow the automatic selection of the cor- 
rect meaning of a word from the many possible ones 
must be foreseen. In order to determine the meaning 
of an ambiguous word, it is necessary to analyze the 
words surrounding it, to see which words stand 
before it and after it, what are their meanings and 
grammatical features. 

Say we want to translate the English word “ex- 
ample,” which has two meanings depending on 
whether the word “for” stands before it or not. In 
this case one must ascertain whether the preceding 
word coincides with the word “for” or not. If it does, 
the translation will be “for example,” if not, “ex- 
ample.” Similar rules, but much more complex ones, 
can be elaborated for still other cases. They are 
formulated in the form of just such concrete questions 
about the other words of the sentence, but the 
machine must answer “yes” or “no” sometimes more 
than 20 times. Another system of rules is necessary 
in order to locate in the dictionary words which in 
English acquire endings. For example, we will not 
find the word “equations” (Russian ypaBHeHua) in 
the dictionary, since it has the ending -s denoting the 
plural. The singular is given in the dictionary. The 
machine removes the ending and then the word with- 
out its ending is again checked in the dictionary. 

Finally the dictionary must contain the grammati- 
cal features of the words in it. However, in contra- 
distinction to the usual English-Russian dictionaries, 
it contains the grammatical features not of English, 
but of the corresponding Russian words. This is 
necessary because without these features it is 
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impossible to construct a good Russian sentence 
which would be the translation of the English. The 
English grammatical features are necessary only in 
so far as they aid in determining the Russian ones. 

It is not necessary to record all the grammatical 
features in the dictionary. It is impossible, for 
example, to tell ahead of time that a given word will 
be a subject or a direct object. This situation can be 
clarified only by the juxtaposition of the given word 
with other words, by the analysis of the whole 
sentence. Therefore, after the dictionary work, the 
machine carries out a vast number of various checks 
of the same type with “yes” or “no” answers aiming 
at the determination of all the necessary grammatical 
features of the Russian words. When this is done, 
the English phrase being translated, for example, 
“problems associated with motion” acquires the fol- 
lowing form: “s3aqaua” (substantive, feminine 'gen- 
der, second declension, plural, nominative case, soft 
stem ending in a hushing sound)—‘csasprBaTs” 
(participle, past tense, feminine gender, plural, nomi- 
native case)—‘c” (preposition, demands instru- 
mental case) — “‘jBuxenue” (substantive, neuter 
gender, first declension, singular number, instru- 
mental case, soft stem). Now, according to the rules 
of Russian grammar recorded in the form of such 
schemes, it is possible to obtain the required transla- 
tion: 


The translation is then printed out on a teletype. 

The following sentence taken from an English text 
may be quoted as an example of a translation per- 
formed by a machine. 

“Elementary courses in differential equations pre- 
sent a long list of clever devices by means of which 
one is supposed to be able to solve differential 
equations.” — 


“gleMeHTapHble Kypchl 0 
ypaBHeHHAM nepeyweHb MCKYCHBIX 
IIpHeMOB, IIpH KOTOPBIX KAK 
MOKeT 
ypaBHenna.”” 


Of course, it is difficult to postulate that in the near future 
the automatic translation of literary works will be success- 
fully realized. This problem is much more complex than the 
translation of a scientific text. 

Experimental work on automatic translation was carried 
out by a group of co-workers of the Academy of Sciences of 
the USSR on the universal calculating machine “BESM” not 
especially adapted for this. Besides the authors of this article, 
S. Razumovsky, L. Korolev, N. Trifonov, G. Zelenkevich 
and others were included in this group. The results obtained 
allow us to consider that on the principles worked out a 
specialized electronic machine for automatic translation can 
be built in the future. 

D. Panov 


I. Mukhin 
I. Bel’skaya 
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Engineering Research Dividends 


Recent theses submitted for advanced degrees from the College 
of Engineering, University of Washington, will regularly appear 
in abstract form in The Trend. Complete copies of these theses are 
available for reference at the University of Washington Library. 
Address inquiries to the Director of the Engineering Experiment 
Station, University of Washington, Seattle 5. 


LOMAX, T. L., “Horizontal Tail Maneuver Load 
Studies,” M.S. in Aeronautical Engineering, 1955. 


A discussion pertaining to methods for determining 
the design loads for the horizontal tail structure is 
presented, with particular emphasis placed on the 
development of an approximate method for deter- 
mining the maximum load obtained in a symmetric 
pitching maneuver. Appendixes are included to sub- 
stantiate the development of various equations and to 
present various required proofs. A review of existing 
methods for determining maneuvering tail loads is 
included in Appendix D. A method for obtaining the 
contribution of damping to the airplane pitching 
moment is given in Appendix E. The effect of 
fuselage flexibility on the equation of motion and 
maneuver tail loads is given in Appendix F. An 
example problem showing the use of the approximate 
method developed in this thesis for determining the 
tail load and pitching acceleration at maximum load 
factor is given in Appendix G. 


AOKI, Yosuio, “Temperature Stabilization for In- 
termittent Pressurized Supersonic Wind Tunnels.” 
M.S. in Aeronautical Engineering, 1956. 


In order to investigate temperature stabilization 
in an intermittent pressurized wind tunnel, an 
analysis was made of the effectiveness of ordinary 
tin cans as a heat source in the high-pressure storage 
during a blowdown. The tests, the majority of which 
were conducted in the 1/10 scale model of the 4’ by 4’ 
supersonic wind tunnel of the Boeing Airplane Com- 
pany, were run under conditions of controlled and 


‘uncontrolled blowdowns from a high-pressure stor- 


age. The results of these tests give ample evidence 
of the effectiveness of this method. 

The stagnation temperature variation for a typical 
blowdown under normal operation (minimum bell- 
mouth pressure) was decreased from 115° F, for the 
empty tank case, to 20° F for the tank full of tin cans 
configuration. Comparable improvements were ob- 
tained for tunnel overblow conditions (excess bell- 
mouth pressure). In conjunction with these tests, a 
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theoretical analysis was made in order to predict the 
temperature-stabilization material requirements for 
the 55,000-cu ft storage spheres for the Boeing super- 
sonic wind tunnel. The analytical results give mathe- 
matical expressions relating the stagnation-temper- 
ature drop during the blow to the physical character- 
istics of the temperature-stabilizing material, the 
physical characteristics of the air storage, and the 
initial weight and the rate of discharge of the air. 

The results are applicable to single receivers or to 
groups of receivers closely coupled. The experimental 
data from the model tunnel were used to determine 
effective heat-transfer coefficients. 


MARHEFKA, R. J., “Torsional Rigidity of an 
Aeroelastic Model Spar : Theory and Experiment.” 
M.S. in Aeronautical Engineering, 1955. 


One of the problems encountered in the structural 
design of aeroelastic wind-tunnel model spars is that 
of providing the correct stiffnesses of the elements 
duplicating the airplane structure. For simplicity of 
model construction and design, it is usually desirable 
to use a single spar following the elastic axis of the 
structure. 

Duplication using a single spar has been made more 
difficult because of the high ratio of torsional to least 
bending stiffnesses obtained in recent aircraft de- 
signs. This ratio frequently exceeds that possible to 
attain using simple prismatical cross sections. 

This thesis presents (1) the development of equa- 
tions for predicting the torsional rigidity of a type of 
spar in which high torsional to least bending stiffness 
ratios can be obtained; (2) explanation of the high 
torsional rigidity of the spar; and (3) correlation of 
the theory with test data on some aluminum alloy 
spar samples. 


LEVINSKY, Ety S., “Approximate Compressible 
Laminar Skin Friction with Favorable Pressure 
Gradients.” M.S. in Aeronautical Engineering, 


1956. 


This paper presents a simple method for approxi- 
mating the laminar skin friction for two dimensional 
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airfoils with zero heat transfer. The method consists 
of first transforming the compressible flow into a 
related incompressible one, solving the incompressible 
problem, and then expressing the solution in terms 
of the original compressible flow. The method is 
shown to agree exactly with that of Chapman and 
Rubesin for the case of zero pressure gradient, and 
is compared with that of Rott and Crabtree, and 
Weil, for a parabolic arc airfoil. It is shown that, 
contrary to the method of the last two references, the 
skin friction for parabolic arc airfoils varies with the 
free stream and surface temperature in a manner 
very similar to that of the flat plate, and is essen- 
tially proportional to the term introduced by Chap- 
man and Rubesin. 

Calculations were made for a 5 per cent thick 
biconvex airfoil at Mach numbers 1.5 and 4.0. The 
calculations were carried out for a free stream static 
temperature of 392° R, corresponding to flight con- 
ditions at about 35,000 feet altitude, and also for a 
total temperature of 569° R corresponding to wind- 
tunnel conditions. Each calculation was made for a 
Prandtl number of 1.0 and .72 to obtain the effect 
of Prandtl number. 


The average skin-friction coefficients were ob- 
tained for the biconvex airfoil and compared with 
flat-plate values. It was found that the favorable 
pressure gradient on the airfoil produced substantial 
increases in skin friction, amounting to 23 to 31 per 
cent for the cases considered. This per cent increase 
was in substantial agreement with the results of 
Young and Kirkby and those of Boison, although 
the absolute values of airfoil skin friction were dif- 
ferent because of the more accurate temperature- 
viscosity relation used in the present paper. 

The effect of Prandtl number was found to be even 
smaller for the airfoil than for the flat plate. Chang- 
ing the Prandtl number from unity to .72 resulted 
in an airfoil skin-friction change of less than 1 per 
cent, a difference well within the accuracy of the 
method and the computations. It thus appeared that, 
based on the limited data available, a Prandtl num- 
ber of unity could have been assumed in all the 
calculations without introducing any significant 
errors. 

The average skin-friction coefficients obtained for 
the air-foil have been summarized in tabular form. 
A comparison with flat-plate values is also given. 


Engineering Faculty Take Part in Boeing Program 


WENTY-ONE FACULTY MEMBERS Of the College of 

Engineering are employed by the Boeing Airplane 
Company in Seattle this summer. Eleven of these are 
participants in the Boeing formal summer faculty 
program. 

The following men are listed by departments. 
Names of those on the formal program are starred. 

Aeronautical Engineering: Harold C. Martin, 
R. C. Weikel 

Civil Engineering: T. H. Campbell, B. J. Hartz,* 
S. Sergev,* H. S. Strausser 

Electrical Engineering: C. L. Alley,* A. W. 
Biggs,* L. B. Cochran, J. L. Saugen 

General Engineering: V. B. Hammer,* A. L. 
Hoag,* R. D. Messer* 

Humanistic-Social Studies: D. C. Botting,* E. C. 
Eliot,* M. L. White* 

Mechanical Engineering: L. B. Kenny,* A. R. 
Konecny, Blake D. Mills, Jr.* 

Mineral Engineering (Metallurgy): E. C. Rob- 
erts; (Ceramic Engineering): E. E. Mueller 
(part time) 

According to Clarence W. King, Administrator, 
the Summer Faculty Program, a subdivision of the 
Boeing College Relations Unit, was started in 1951 
with the following objectives : 


JULY, 1956 


1. To accomplish significant technical assignments 

2. To acquaint the program participants with some 
of the latest industrial developments in their fields 

3. To demonstrate the requirements industry 
places on engineering graduates 

4. To familiarize faculty members with opportu- 
nities for professional growth offered to engineering 
graduates by the aircraft industry, and to provide 
an atmosphere conducive to the exchange of educa- 
tional and industrial viewpoints. 

Each participant, as a member of the technical 
staff, is assigned to a “package problem,” i.e., a 
problem which demands “significant engineering 
effort” but can either be completed or reach a defini- 
tive point within the two-month span of the pro- 
gram. He also attends a series of lectures and sem- 
inars. 

This summer, a total of 62 faculty members from 
45 institutions are taking part in the formal program, 
an increase over the total of 57 last summer. 

Many of the faculty members employed by the 
Boeing Company who are not on the formal pro- 
gram this year were participants in former years, 
and are now engaged in continuing work on problems 
to which they have been assigned. 
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University Experts Consulted on Alaskan Pollution Problem 


R. O. Sylvester, Associate Professor of Sanitary 
Engineering, was engaged as consultant by the 
Alaska Water Pollution Control Board for an 
investigation in the Silver Bay area, near Sitka, 
July 4-10. 

The request of the Alaska Lumber and Pulp 
Company, a concern backed by a group of Japanese 
industrialists, for permission to build a $50-million 
pulp mill in the vicinity, instigated the project. The 
Company obtained the services of E. F. Eldridge of 
the Washington State Pollution Control Board as 
over-all consultant, and contracted with the Ocean- 
ography Department of the University for the use 
of its ship, Brown Bear, and a trained group of 
scientists to conduct oceanographic and_ biological 
studies. The chief scientist and director of the 


expedition was Dr. C. A. Barnes, Professor of Ocean- 
ography. Other members of the group included the 
following: R. A. Barkley, Research Assistant, as 
chemist; T. F. Buddinger, Sr. Marine Aide, as 
geologist ; E. E. Collias, and C. M. Love, Research 
Instructors in Oceanography ; H. R. Jackson, drafts- 
man, Applied Physics Laboratory; and M. P. Wen- 
nekens, Sr. Marine Aide, as biologist. 

According to Professor Sylvester, results of the 
entire study will determine whether or not the mill, 
if built, can exist in harmony with the fishing indus- 
try. Problems to be solved by the sanitary engi- 
neering consultants will include where the effluents 
should be discharged and what quality of -effluent 
can be tolerated. 


BOLTED JOINTS RESEARCH 
(Continued from page 26) 
4. , P. L. Koepsell, H. L. Payne and R. A. Hecht- 
man, February, 1954. 
a ,T. R. Flint, P. L. Koepsell and R. A. Hecht- 
man, February, 1955. 
6. " 4 B. Madison and D. D. Vasarhelyi, June, 
7 


1956. 

. R. A. Hechtman, “Conditions Affecting the Slip of Struc- 
tural Steel Bolted Joints,” The Trend in Engineering, 
October, 1949. Vol. I, No. 4, pp. 12-18. 

8. R. A. Hechtman and D. R. Young, “Slip on Structural 
Steel Double-Lap Joints Assembled with High-Strength 
Bolts,” The Trend in Engineering, Vol. 3, Nos. 2,3 
(April, July, 1951) 

9. R. A. Hechtman, D. R. Young, and E. R. Savikko, “Slip 
of Joints under Static Load,” ASCE Proceedings, Vol. 
80, No. 484 (Sept., 1954). , 


DRIVING TEACHERS TO LEARN 


The basic short course in Driver Education and 
Training will be given August 27-31 on the Univer- 
sity campus. Professor Amos E. Neyhart, Admin- 
istrative Head, Institute of Public Safety at 
Pennsylvania State University, will be the chief 
instructor, assisted by R. B. McMullen, Manager, 
Pacific Insurance Adjusters. Men and women 
teachers of driving in high schools and commercial 
driving schools of Washington are eligible to enroll 
for the course. 


Inquiries should be addressed to the director: 
Professor Fred H. Rhodes, Jr. 
Civil Engineering Department 
University of Washington 
Seattle 5, Washington 


How WASHINGTON RATES THE ENGINEER 
(Continued from page 1) 


with the professional service rendered. The title, engineer, 
is applied to a great number of men who perform a multi- 
tude of jobs which range from the highly specialized to the 
routine, in any of several dozen fields. In the majority of 
cases the engineer will render his services to an organization 
rather than to a private individual and hence has less 
opportunity than most professionals to communicate his 
ideas to the layman. This, in combination with what appears 
to be an almost characteristic reticence by the engineer to 
discuss even the more elementary phases of his work in 
non-technical terms, has made him one of the least articu- 
late, if not the least vocal, and probably the most misunder- 
stood of the professionals.” 


BJORN STROM, Norwegian engineering graduate 

student at the University 

“The poor rating of the engineer’s importance to the 
community is not likely a local phenomenon. If the poll 
had been taken somewhere else, say in a European country, 
the results would hardly differ. 

“One reason is that people there, as here, make use of 
automobiles, aeroplanes, buildings, et cetera, without seeing 
the engineer behind them. But while they can avail them- 
selves of the technical developments without meeting up 
with the engineer, they cannot often make use of the 
clergymag’s and the teacher’s efforts without getting in 
direct contact with these professions. Also, people are more 
likely to notice a public official promoting a structure than 
the engineer building it. It seems to be the nature of things 
that the engineer stays back stage. 

“Another point may be that even though the people of 
most communities are affected by the engineering profes- 
sion they are affected as a group rather than as individuals. 
A profession that affects people as individuals will probably 
appear more important to the persons questioned in a poll 
than a profession affecting them as a group. 

“These two factors do not indicate that the engineering 
profession should be the one with the greatest importance. 
But they point to smaller difference between the clergyman, 
teachers, and engineers than the poll might indicate. 
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PUBLICATIONS 

of the 

ENGINEERING EXPERIMENT STATION 
UNIVERSITY OF WASHINGTON 


Requests for copies of publications should be addressed to the Director, Engineering Experiment Station, University of Washington, Seattle 5. 


. Vacuum-Tube oe for Electric Wind-Tunnel Balances. 


. Influence of Two Secondary Factors 


. Hydroelectric Power in Washin 


. Eva 


. Hydroelectric Power 


BULLETINS 


. The Influence of Pipe Le grog on Re-Entrant Intake Losses. 


Charles William Harris, 35 pp. 


. Elimination of mg Eddy oe Loss at Intake. Charles 
93 


W. Harris. 30 pp. 


Fred 
S. Eastman. 20 pp. 


. Constant Flow aa of the Plane Gio in Proximity to 


Side Walls. Charles William Haris. 18 pp. 


. Preliminary Tests of Thirteen Washington non in a Powdered 


Coal Boiler Plant at the University of Washin 
i ae Harry Fagan Yancey, and Josep! 


n. George Sam- 
Daniels. 27 pp. 


. An Electromagnetic Balance for Force Measurement of Current 


Control. Fred Scoville Eastman. 29 pp. 1932 


. Hydraulic Flow Characteristics of a Square-Edged Intake. Charles 


William Harris. 21 pp. 19 


. The Doherty Washer Cooler. Sybren Ruurd Tymstra. 61 pp. 1932. 
. Studies in Hydrogenation of Certain American Coals. Warren L. 


Beuschlein, Bert E. 
1933 


Christensen, and Calvert C. Wright. 24 pp. 


- The Derivation of the Mean Temperature seas So Between a 


Saturated Gas and a Cooling Liquid, and also the Derivation of 
py Mean Velocity of Such Gas. Sybren Ruurd Tymstra. 19 pp. 


. The Deformation of Hard Grade Reinforcing Steel During and 


After Construction in 2 Reinforced Concrete Building. Sergius 
Ivan Sergev. 33 pp. 1933. 


a mae Water Tube Gas Condenser. Sybren Ruurd Tymstra. 24 pp. 
934. 


. A Study of Fundamental Relations of the Mathematical Theory 


of Elasticity. Arthur Melvin Winslow. 25 pp. 1934 


in Weir Measurement. 
Charles William Harris. 16 pp. 1 


. Equations for Calculating oe. Phase Symmetrical Components. 


Gordon Russell Shuck. 32 pp 


. Discharge of Three cae Cippoletti Weirs. Robert Bowman 


Van Horn. 32 pp. 


. Open bid Testing of Ship Models. Thomas McKie Rowlands. 


20 pp. 


. The Properties of Quartz Sands Washed from Kaolins of the 
Pacific Northwest. Hewitt Wilson and Frank Joseph Zvanut. 42 
pp. 1936. 


. Part IV, Regional Electric- 
Power ae. The Grid System. Carl Edward Magnusson. 
51 pp. 1 


. The +. y and Control of Landslides. Robert Graham Hennes. 


57 pp. 


Eqpations A Method of Analysis Continuous Beams 


and Rigid Frames. Alfred Jensen. 88 pp. 


. Electric Power Markets in Washington. Part I, — Heating 


of Residences. Carl Edward Magnusson. 40 pp. 
ration and Surface Cooling. George Samuel Wilson and 
William Lyle Dudley. 18 pp. 1937. 


in Washin; 
Boundary Waters. Carl Edward 


on. Part VI, International 
agnusson. 17 pp. 1937. 


. Geology and Its Relation to the Occurrence of Oil in Washington. 


Charles Edwin Weaver. 16 pp. 1938 


. Modernization of a Transit System. Factors that Determine the 


Choice of a Vehicle. George Lisle Hoard. 36 pp. 1940 


. Buckling Criteria and Design of Two-Story Columns. Sergius I. 


Sergev. 48 pp. 1940 


. An Investigation of Prestressed Stays. T. M. Rowlands and F. C. 


Smith. 36 pp. 1941. 


103. 
104. 
106. 
109. 
110. 
111. 


112. 
114. 


116. 


116. 


116. 


116. 


116. 


118. 


119. 
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. The Theory of Fractional Parts Develo: 


Magnetic Flux Meter. George Sherman Smith. 
PP. 

The Telephone Measurement in Units 
of Time. Lyall Baker Cochran. 68 pp. 

The Shearing Strength of Comet Sere Frederick C. Smith 
and Robert Q. Brown. 32 pp. 1941. 

The Number of Teeth in Contact as a Vibration Factor in Invo- 
lute Cut Gears. Sybren Ruurd Tymstra. 16 pp. 1942 

Solutions for Torsional Vibration Frequencies by Energy Method. 
Arthur Melvin Winslow. 22 pp. 1943. 

Stabilized Earth Blocks for Protective Construction. Robert G. 
Hennes. 24 pp. 1943. 


Hydraulic Models. Charles W. Harris. 17 pp. 1944. 

The Effect of Shearing Forces on the Deflection and Strength of 
Beams. Sergius I. Sergev. 20 pp. 1947. 

Aerodynamic Stability of Suspension —_ = with Special Ref- 
erence to the Tacoma Narrows Bridge. Part I, Investigations 
Prior to October, 1941. F. B. Farquharson. 103 pp. 1949. 
Aerodynamic Stability of Suspension Bridges with Special Refer- 
ence to the Tacoma Narrows Bridge. Part II, Mathematical 
Analyses. F. C. Smith and G. S. Vincent. 63 pp. 1950. 
Aerodynamic Stability of Sucqension Bridges with Special Refer- 
ence to the Tacoma Narrows Bridge. Part III, The oie 
of Models of the Original Tacomia Narrows Bridge Under the 
Action of Wind. F. B. Farquharson. 125 pp. 1952. 

Aerodynamic Stability of Suspension Bridges with Special Refer- 
ence to the Tacoma Narrows Bridge. Part 1V, The Investigation 
of Models of the New Tacoma Narrows Bridge Under the Action 
of Wind. F. B. Farquharson. 104 pp. 1954. 

Aerodynamic Stability of Suspension Bridges with Special Refer- 
ence to the Tacoma Narrows Bridge. Part V, Extended Studies: 
Logarithmic Decrement, Field Damping, Prototype Predictions, 
Four Other Bridges. G. S. Vincent. 104 pp. 1954. 

Investigations in Aeronautics from the Department of Aeronau- 
tical Engineering. Edited by R. M. Rosenberg. 120 pp. 1951. 

The Extremum Principles of the Mathematical Theory of Elas- 
ticity and Their Use in Stress sore (The Walker-Ames lec- 
tures of the “yes Quarter, 1950.) W. Prager (Brown Univer- 
sity). 30 pp. 1951. 


REPORTS 


. Iron and Steel Manufacture in Weeieaun, Oregon. California, 


and Utah. Joseph Daniels. 69 pp. 


. Coal in Washington. Joseph Daniels. 17 pp. 1934. 
. Water Resources of Washington. Richard Gaines Tyler. 61 pp. 


1938, 


TECHNICAL NOTES 


for Structural Beam- 
Column Members Preceded by an Elementary Discussion of 
Simple Beam and Column Design. Sybren Ruurd Tymstra. 32 
Pp- 


. Gaging Chart for Horizontal Cylindrical Tanks with Flat Heads 


or with Convex Heads. Sybren Ruurd Tymstra. 4 pp. 1944. 


. Gaging Chart for Cylindrical Tanks Ra Different Types of 


Heads. Sybren Ruurd Tymstra. 7 pp. 


. The Heat Pump for Residential Rostiee. G. S. Sriith, H. Chris- 


tensen, and A. Presson. 23 pp. 
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